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(Criteria to determine
immunotoxicity of chemicals induced by directly targeting T cells)
(IL-2 Luc assay validation report

To determine the performance of the IL-2 Luc assay, it is crucial to understand the
immunotoxicologica characteristics of the chemicals used in the study. Since the IL-2 Luc
assay focuses on the effects of chemicalson IL-2 transcription by T cells, we attempted to
classify the chemicalsinto two categories: (i) immunotoxic chemicals which target T cells
(TTCs), which include chemicals that directly affect T cell viability, T cell proliferation or T
cell function and (ii) others (NTTCs), which include chemicals that do not directly affect T cell
viability, T cell proliferation or T cell function. In this assay, to define TTCs, we first surveyed
the literature and collected the following six findings regarding each of the chemicals proposed
for use in the study (Table 1). Using these six findings, we defined TTCs by the 4 criteria
according to therationae for classifying immunotoxic chemicals reported by Luster et al
(Luster et al., 1992) (Table 2). Namely, if chemicals satisfy one of 4 criteria, they are considered
as TTCs. Then, by comparing the results of the IL-2 Luc assay (positive or no effect) with the
classification of the chemicals (TTC or NTTC), we calculated the accuracy, sensitivity and
specificity of the IL-2 Luc assay in the validation study.
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Table 1. The immunotoxicological data obtained
from the literature

Findings

Finding 1 Decreased thymus weight

Finding 2 Increased or decreased IL-2, IFN-g, IL-4 or other T cell-
specific cytokine mRNA expression or protein production
by T cells ex vivo.

Finding 3 Increased or decreased IL-2, IFN-g, IL-4 or other T cell-
specific cytokine mRNA expression or protein production
by T cells in vitro.

Finding 4 Suppressed T cell proliferation

Finding 5 Suppressed cytotoxic T cell response

Finding 6 The NTP data clearly indicate that one of the

immunotoxic mechanism of chemicals are attributed to

its effect on T cells.

Table 2. The criteria to classify immunotoxic
chemicals by affecting T cells.

Criteria

Criterion 1 If chemicals are demonstrated to decrease thymus
weight, one finding among Finding 2 to Finding 5

Criterion 2 There are multiple reports of Finding 2 or Finding 3.
Criterion 3 There are reports of increased or decreased mRNA

expression or protein production in two or more

cytokines for Finding 2 or Finding 3.

Criterion 4 The presence of the NTP data including Finding 6.




2. IL-2 Luc assay (IL-2 Luc assay
validation report
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Phase |

T cell
targeting

Dibutyl phthalate 84-74-2 PPP
50-23-7 PNN PPP PPN 0 Yes
Lead(ll) acetate 6080-56-4 PPP PPP PPP 1 Yes
Nickel(ll) sulfate 10101-97-0 PPP PPP PPP 1 Yes
DMDTC 137-30-4 NNN NNN NNN 1 No
Phase Il
2,4-Diaminotoluene 95-80-7 N N No
50-32-8 P P P 1 Yes
Cadmium chloride 10108-64-2 N N N 1 Yes
Diethylstilbestol 56-53-1 P P P 1 Yes
Diphenylhydantoin 630-93-3 N N N 1 Yes
0-Benzyl-p-chorolophenol [E{eEeyEN P P P 1 No
Glycidol 556-52-5 P P P 1 No
Indomethacin 53-86-1 P P P 1 Yes
Isonicotinic /Aeifsl 54-85-3
P N P 0 Yes
Hydrazide
. 98-95-3 Undetermine
\[] enz N S N 0
d
Urethane, =)\l 51-79-6
P B P 1 Yes
carbamate
Tributyltin chloride 1461-22-9 P P P 1 Yes
Perfluorooctanoic acid 335-67-1 B B B 1 Yes
Dichloracetic acid 79-43-6 P P P 1 Yes
Acetonitril 75-05-8 N N N 1 No
69-65-8 N N N 1 No
Vanadium pentoxide 1314-62-1 N N N 1 No
0-Benzyl-p-
120-32-1 B B B 1 No
chorolophenol
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Within-laboratory

reproducibilities (%) Average
86.7 (13/15)

Between-laboratory reproducibilities (%)
. 80 (20/25)
(Based on majority for Phase I)

75.0

75.0 75.0

(12/16)  (12/16)  (12/16)
Sensitivity (%) Average
75.0 (36/48)
75.0 75.0 75.0
(6/8) (6/8) (6/8)
Specificity (%
pecificity (%) Average
75.0 (18/24)
75.0 75.0 75.0

(18/24)  (18/24)  (18/24)

Accuracy (%)

Average
75.0 (54/72)
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3. IL-2 Luc assay

Report on a Validation Study of the IL-2 Luc Assay for Evaluating the Potential
Immunotoxic Effects of Chemicalson T-Cells

Validation Management Team
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IL-2 Luc assay validation report Peer review panel
(€))
201902
Action Itemsto peer reviewers for the validation report on the IL-2 Luc assay

Evaluation Criterion 1: A rationalefor thetest method should be available,
including a description of the human health effect, a clear statement of
scientific need, and regulatory application.

PRP Comment: Together with anew title, the rationale needs to be stated clearly to be
T-cell targeting.

Evaluation Criterion 2: Thetoxicological mechanismsand therdationship
between the test method endpoint(s) with the biological effect aswel asthe
toxicity of interest should be addressed, describing limitations of the test
method.

PRP Comment: Needsto focus on IL-2, including the limitations described in the
meeting minutes. The introduction needs to focus solely on IL-2 and the IL-2 Luc
Assay. Discussion about its part in MITA should be left until the discussion section.

Evaluation Criterion 3: A detailed test method protocol should be available
PRP Comment: The commercial availability of the #2H4 cell line needs to be
described.

Evaluation Criterion 4: Thewithin and between laboratory reproducibility of the
test method should be demonstrated
PRP Comment:Acceptable

Evaluation Criterion 5: Demonstration of the test method’s performance should be
based on testing of representative, preferably coded reference chemicals

PRP Comment: We think only four or five negatives is not enough, so we suggest that

some additional testing of negatives be performed.

24



Evaluation Criterion 6: Predictive capacity should be demonstrated using
representative chemicals.

PRP Comment: Predictive capacity needs to be reassessed based on today’s proposed
definition of T-cell-targeting chemicals.

Evaluation Criterion 7: All data should adequately support the assessment of the
validity of thetest method for peer review.

PRP Comment: A clear definition of the 35% threshold and a clear explanation of
Criteria5 and how it was developed is needed. Should the table in Appendix 8
include the test judgment? Also, delete DTH, tumor, infection, and NK activity but
specify T-cell proliferation in the table in Appendix 8.

Evaluation Criterion 8: All data from the validation study supporting the validity
of atest method should be obtained in accor dance with the principles of Good
Laboratory Practice (GLP)

PRP Comment: The report needsto explain clearly and in detail what is meant by the
phrase “in the spirit of GLP” and whether or not each laboratory performed their

work in this spirit.

Evaluation Criterion 9: Applicability domain of thetest method should be defined
PRP Comment: We recommend that the applicability domain be more clearly defined
as noted in the PRP meeting minutes.

Evaluation Criterion 10: Proficiency chemicals should be set up in the proposed
protocal
PRP Comment:None

Evaluation Criterion 11: Perfor mance standards should be set up with the
proposed protocol
PRP Comment: If performance standards are understood to be assay controls, then the
use of three-fold stimulation of IL-2 Luc by PMA/IO and inhibition of stimulated
IL-2 Luc by DEX and CYA are sufficient. We suggest that acceptance criteriafor
variability within test replicates be defined.
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Evaluation Criterion 12: Advantagesin termsof time, cost and animal wefare

PRP Comment: We suggest that the conclusion leave out mention of in vivo testing to
confirm T-cell immunotoxicity and include discussion of the use of IL-2 Luc assay
within MITA.

Evaluation Criterion 13: Completeness of all data and documents supporting the
assessment of the validity of thetest method.

PRP Comment: We suggest that data be redone to reassess predictive capacity based
on today’s proposed definition of T-cell-targeting chemicals. Also, acritical
assessment of the 35% threshold in the context of the new definition of T-cell
targeting is necessary.

Evaluation Criterion 14: Validation Study Management and Conduct
PRP Comment:None

Other consderations
PRP Comment:None

Conclusion
PRP Comment: We look forward to seeing a revised report based on our comments.
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5. Peer review panel €D
Dear the PRP:
Thank you for your kind and constructive comments and suggestions. We responded
to each comment below and revised the VR taking the PRP comments into
consideration. We used red fonts in the revised or newly added parts.

Evaluation Criterion 1: A rationale for the test method should be available, including
a description of the human health effect, a clear statement of scientific need, and
regulatory application.

PRP Comment: Together with a new title, the rationale needs to be stated clearly to be
T-cell targeting.

The title was revised and changed to “Report on a Validation Study of the IL-2 Luc
Assay for Evaluating the Potential Effect of Chemicals on T-Cells”.
The rational e to judge chemicals whether they were T-cell targeting or not was
described in 10-3-1.
10-3-1. Rationale to determine the predictivity of the IL-2 Luc assay by the
concordance between positive effects and the immunotoxic effects targeting T cell

response

A well-functioning immune system is essential in maintaining the integrity of the
organism. Therefore, immune dysregulation caused by chemicals, i.e., immunotoxic
effects of chemicals, may make serious impacts on human health. It ranges from
reduced resistance to infection and neoplasiato allergic and autoimmune conditions.
The immune system comprises innate and adaptive immunity (Fig. 2). Both arms of the
immune response function differently and are driven by different populations of cells.
Chemicals can potentially affect the immune system by targeting either the innate
immune system or the acquired immune system (Fig. 2 and Fig. 3). Therefore, in vitro
test methods to detect immunotoxic effects of chemicals are needed to adequately assess
their effects on both arms of immune system. However, it isimpossible to predict the
toxic effects of chemicals on the whol e aspects of immune system by asinglein vitro
assay. Consequently, to accomplish the final goa of in vitro immunotoxicity tests that
cover the whole aspects of immune system, it is indispensable to develop an integrated
approach composed of multiple in vitro immunotoxic tests evaluating different aspects
of immune responses. The MITA including the IL-2 Luc assay was developed to be
components of the integrated approach.

Among various immune responses, one of pivotal responses is the development
of antigen-specific effector T-helper subtypes, such as, Thl cells, Th2 cells, Th17 cells,
and regulatory T cells (Treg cells) that are associated with the clinical features and
disease progression (reviewed by [1]). Therefore, the in vitro assay to clarify the effects
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of chemicals on the development of these T-hel per subtypesis one of the critical
components of the integrated approach.

Now it isknown that IL-2 exerts pleiotropic actions on CD4+ T cell
differentiation viaits modulation of cytokine receptor expression. It promotes Thl
differentiation by inducing IL-12Rb2 (and IL-12Rb1), promotes Th2 differentiation by
inducing IL-4Ra, inhibits Th17 differentiation by inhibiting gp130 (and IL-6Ra), and
drives Treg differentiation by inducing IL-2Ra. IL-2 also potently represses IL-7Ra,
which decreases survival signals that normally promote cell survival and memory cell
development (reviewed by [2]). Therefore, it is conceivable that chemicals, which affect

IL-2 release by T cells, give significant impact on the development of Th cells.

When immunotoxic information of chemical is collected from the literature,
however, most of the published data are not focusing on the effects of chemicals on the
development of Th subsets. To overcome this problem, in this study, the predictivity
was eval uated by the criteria whether chemicals affect T cell functions, namely T cell
targeting, or not. To determine T cell targeting chemicals (TTCs), we collected the
following 6 components in the literature.

#1. The decreased thymus weight

#2. The increased or decreased IL-2, IFN-g, or IL-4 mRNA expression or production by
T cellsin ex vivo.

#3. The increased or decreased IL-2, IFN-g, or IL-4 mRNA expression or production by
T cellsin vitro.

#4. The suppression of T cell proliferation

#5. The suppression of cytotoxic T cell response

#6. Thereisaclear statement in the NTP data that one of the immunotoxic mechanism
of chemicals are attributed to its effect on T cells.

Then, we determined TTCs as chemicals that satisfied one of the following criteria

1) The combination of more than two components among #1 to #5 components
2) Multiple reports on #2 or #3

3) #2 or #3 on two or more cytokines

4) #5

Evaluation Criterion 2: The toxicological mechanisms and the relationship between
the test method endpoint(s) with the biological effect aswell asthe toxicity of
interest should be addressed, describing limitations of the test method.
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PRP Comment: Needs to focus on IL-2, including the limitations described in the
meeting minutes. The introduction needs to focus solely on IL-2 and the IL-2 Luc
Assay. Discussion about its part in MITA should be left until the discussion section.

The limitation of this assay was described in the applicability domain (10-6).
10-6. Limitations and drawback, and applicability domain of the IL-2 Luc assay
Sincethe 2H4 cell line used in the IL-2 Luc assay is derived from Jurkat cells, it is
conceivable that this cell line is more resistant to the cytotoxic effects of chemicals than
bone marrow cells. Indeed, our study demonstrated that the IL-2 Luc assay cannot
evaluate the immunotoxic effects of some immunosuppressive drugs which act by
inhibiting DNA synthesis leading to myelotoxicity [3]. Thus, these chemicalsin
addition to chemicals that need metabolic activation should be outside the applicability
domain. To overcome this drawback at present, the IL-2 Luc assay must be combined
with assays capable of detecting myelotoxicity, such as the conventiona 28-day
subacute toxicity test [4] or in vitro myelotoxicity tests [5]. Similar to other in vitro test
methods, poor water soluble chemicals are not suitable for this assay.

The introduction was revised according to the PRP comment. The detailed discussion
on the MITA was moved to the Discussion.

Evaluation Criterion 3: A detailed test method protocol should be available
PRP Comment: The commercial availability of the #2H4 cell line needs to be
described.

2H4 cells will be obtained from the GPC laboratory, Tottori, Japan after thisassay is
accepted as the test guideline.

Evaluation Criterion 4: The within and between laboratory reproducibility of the test
method should be demonstrated
PRP Comment: Acceptable

Evaluation Criterion 5: Demonstration of the test method’s performance should be
based on testing of representative, preferably coded reference chemicals
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PRP Comment: We think only four or five negatives is not enough, so we suggest that
some additional testing of negatives be performed.

We reconsidered the immunotoxic characteristics of chemicals evaluated in Phase |
and Il studies. Finaly, these two studies contained 7 negative chemicals (Appendix 8).

Evaluation Criterion 6: Predictive capacity should be demonstrated using
representative chemicals.

PRP Comment: Predictive capacity needs to be reassessed based on today’s proposed
definition of T-cell-targeting chemicals.

We admit that it is crucia to more clearly define the criteriato classify chemicals
into T cell-targeting chemical (TTC) and non-T cell-targeting chemical (NTTC). So, we
proposed the new criteria with the international expert members, Dr. Emanuela Corsini
and Dr. Dori Germolec taking PRP’s proposal into consideration. The following was the

revised session of predictivity ( Revised VR 9-1-3).

9-1-3. Predictivity

To determine the predictivity of the IL-2 Luc assay, it is crucia to understand
the immunotoxic characteristics of chemicals used in the study. Since the IL-2 Luc
assay focuses on the effects of chemicals on IL-2 transcription by T cells, wetried to
classify chemicalsinto those that affect T cell function, i.e., T cell-targeting chemical
(TTC) and those that do not directly affect T cell function, i.e., non-T cell-targeting
chemicals (NTTC). In this assay, to define TTCs, we collected the following 6
componentsin the literature.

#1. The decreased thymus weight
#2. The increased or decreased IL-2, IFN-g, or IL-4 mRNA expression or production by
T cellsin ex vivo.
#3. The increased or decreased IL-2, IFN-g, or IL-4 mMRNA expression or production by
T cellsin vitro.
#4. The suppression of T cell proliferation
#5. The suppression of cytotoxic T cell response
#6. Thereisaclear statement in the NTP data that one of the immunotoxic mechanism
of chemicals are attributed to its effect on T cells.

Then, we defined TTCs as chemicals that satisfy one of the following criteria
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1) The combination of more than two components among #1 to #5 components

2) Multiple reports on #2 or #3

3) #2 or #3 on two or more cytokines

4) #5
To classify 25 chemicals used in the Phase | and 11 studies, we used the chemical
information kindly provided by the National Toxicology Program (NTP). The
immunotoxic characteristics of each chemical are shown in Appendix 7 and their
summarized data are shown in Appendix 8. Thetablein Appendix 8 is the combined
data of the NTP data and the data collected by the VMT member. As already described,
IL-2 exerts pleiotropic actions on CD4+ T cell differentiation viaits modulation of
cytokine receptor expression. Indeed, IL-2 promotes Thl and Th2 differentiation, while
it also drives Treg differentiation. Therefore, it suggests that the augmentation of [L-2
transcription can lead to either immunostimulation or immunosuppression depending on
surrounding tissue environment in vivo. Therefore, in this assay, if chemicals were
judged as either augmentation or suppression, they were both considered as positive (P)
and if not, they were judged as negative (N). Then we examined concordance between

positive judgment and TTC.

Based on the new criterial for chemical classification, the predictivity of the Phase | and
Phase Il studies was summarized in 10-3-2.

10-3-2. The predictivity of the Phase | and Phase 11 studies

To classify 25 chemicals used in the Phase | and |1 studies, we used the chemical
information kindly provided by the National Toxicology Program (NTP) and those
collected by the VM T members. The immunotoxic characteristics of each chemical are
shown in Appendix 7 and their summarized data are shown in Appendix 8. Based on the
criteria, the 25 chemicals were classified into 14 TTCs, 9 NTTCs, and 2 unclassified
chemicals that could not be classified because of insufficient data. According to this
classification, the sensitivities of the assays as conducted by Lab A, Lab B, Lab C, and
their average in the combined data of the Phase | and 11 studies are 80.0%, 80.0%,
73.3% and 77.7%, respectively. The specificities of the assays as conducted by Lab A,
Lab B, Lab C, and their average are 75.0%, 75.0%, 75.0%, and 75.0%, respectively.
The accuracies of the assays conducted by Lab A, Lab B, Lab C, and their average are
78.2%, 78.2%, 73.9%, and 76.8%, respectively.

Evaluation Criterion 7: All data should adequately support the assessment of the
validity of the test method for peer review.

PRP Comment: A clear definition of the 35% threshold and a clear explanation of
Criteria 5 and how it was developed is needed. Should the table in Appendix 8
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include the test judgment? Also, delete DTH, tumor, infection, and NK activity but
specify T-cell proliferation in the table in Appendix 8.

To determine the optimum threshold, we first potted the maximum % suppression
values of chemicals with statistically significant suppression or those without any
effects. The comparison of these two graphs showed that the threshold 35 can divide
chemicals with significant suppression and those without any effects with minimum
false positive or negative results.

The distribution of the maximum % suppression
values of chemicals with significant suppression or
those without any effects

120 120
100 + { 100 |

80 80—

60 - 60 -

40 40 -:| T

- - 35
0 0 {

Chemicals with significant suppression Chemicals without any significant effects

The values of the maximum % suppression were derived from the data set made
by the lead laboratory in our recent publication in Arch Toxicol (see the attached
file)

We revised Appendix 8. As suggested, we deleted test judgment, DTH, infection,
tumor regjection, and NK activity, and specified T cell proliferation.

Evaluation Criterion 8: All data from the validation study supporting the validity

of atest method should be obtained in accor dance with the principles of Good
Laboratory Practice (GLP)
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PRP Comment: The report needsto explain clearly and in detail what is meant by the
phrase “in the spirit of GLP”” and whether or not each laboratory performed their

work in this spirit.

Evaluation Criterion 9: Applicability domain of thetest method should be defined
PRP Comment: We recommend that the applicability domain be more clearly defined

as noted in the PRP meeting minutes.

We described the applicability domain more precisely, taking the PRP comments
into consideration in 10-6.
10-6. Limitations and drawback, and applicability domain of the IL-2 Luc assay

Since the 2H4 cell line used in the IL-2 Luc assay is derived from Jurkat cells, it is
conceivable that this cell lineis more resistant to the cytotoxic effects of chemicals than
bone marrow cells. Indeed, our study demonstrated that the IL-2 Luc assay cannot
evaluate the immunotoxic effects of some immunosuppressive drugs which act by
inhibiting DNA synthesis leading to myelotoxicity [3]. Thus, these chemicalsin
addition to chemicals that need metabolic activation should be outside the applicability
domain. To overcome this drawback at present, the IL-2 Luc assay must be combined
with assays capable of detecting myelotoxicity, such as the conventiona 28-day
subacute toxicity test [4] or in vitro myelotoxicity tests [5]. Similar to other in vitro test

methods, poor water soluble chemicals are not suitable for this assay.

Evaluation Criterion 10: Proficiency chemicals should be set up in the proposed
protocol
PRP Comment:None

Evaluation Criterion 11: Performance standards should be set up with the proposed
protocol

PRP Comment: If performance standards are understood to be assay controls, then the
use of three-fold stimulation of IL-2 Luc by PMA/IO and inhibition of stimulated IL-
2 Luc by DEX and CYA are sufficient. We suggest that acceptance criteria for
variability within test replicates be defined.

33



Based on the PRP comments, we added the performance standard in the revised VR,
Appendix 15.

Evaluation Criterion 12: Advantagesin terms of time, cost and animal welfare

PRP Comment: We suggest that the conclusion leave out mention of in vivo testing to
confirm T-cell immunotoxicity and include discussion of the use of IL-2 Luc assay
within MITA.

In the revised VR, we deleted the description of requirement of in vivo testing. In
addition, we described the potential of the IL-2 Luc assay (10-7).
10-7. Potential of the IL-2 Luc assay
The IL-2 Luc assay evaluates the effects of chemicals on IL-2 transcription by Jurkat T
cells stimulated with PMA and Cl. The simultaneous stimulation of PMA and calcium
ionophore or ionomycin surrogates the stimulation by T cell receptor (TCR) and CD28
[6, 7]. The downstream signaling after the stimulation by TCR/CD28 is shown in Fig.
17. It indicates that the signaling required for IL-2 transcription after TCR/CD28 or
PMA/CI stimulation involves the pathways leading the activation of AP1/2, mTOR,
NF-kB, and NFAT. The immune system is composed of innate immune system and
acquired immune system at least. The innate immune systems are activated by
pathogen-associated molecular patterns (PAMPs) or damage-associated molecular
patters via Toll-like receptors (TLRs), RIG-1-like receptors (RLRS), Nod-like receptors
(NLRs), or cytokine receptors for IL-1 family or TNF family. Most of the downstream
signaling after the stimulation of these receptors involves NF-kB and AP1/2 pathways
[8]. In the acquired immune system, in addition to the process of T cell activation, B
cell activation after B cell receptor stimulation and the signaling of various cytokines
also involves NF-kB pathway (reviewed by Zhang and Sun [9]. Therefore, itis
conceivable that the effects of chemicals on quite afew aspects of immune responses
can be detected by the IL-2 Luc assay.

Evaluation Criterion 13: Completeness of all data and documents supporting the

assessment of the validity of the test method.
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PRP Comment: We suggest that data be redone to reassess predictive capacity based
on today’s proposed definition of T-cell-targeting chemicals. Also, a critical
assessment of the 35% threshold in the context of the new definition of T-cell
targeting is necessary.

In the revised validation report, we clearly defined the T cell-targeting chemicals.

Based on the definition, we classified chemicalsinto T cell-targeting chemicals (TTCs)

or non-T cell targeting chemicals (NTTCs). According to this classification, we

recal culated the sensitivity, specificity, and accuracy of the Phase | and |1 studies.

Evaluation Criterion 14: Validation Study Management and Conduct
PRP Comment:None

Other consderations
PRP Comment:None

Concluson
PRP Comment: We look forward to seeing a revised report based on our comments.
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6. Peer review panel teleconferance

Teleconference for IL-2 PRP

Octaober 1, 2019

Peer Review Panel: Henk van Loveren, Haley Neff-LaFord, Barbara Kaplan, Fujio Kayama, Takao Ashikaga
VMT: Hgime Kojima
Observers. Steve Venti (meeting minutes)

Kajima: |  Inthis meeting, we will discuss the revised validation report and the schedule going farward.
I will explain the changes in the report, which are shownin red.
Oneimportant point isAppendix 7. It has 290 pages and discusses the data available on
immunotoxic effects of chemicals.
Mainly, the figures for predictivity and the summary wererevised. | heard Dr. Aibaison-
going to revise minorly.  After the meeting, | ill share the newest Validation report.

Kaplan: | This summary is in line with what we discussed at the FTF meeting.

Kajima: | Does everyone accept this summary?

Everyone: | Yes.
Kajima: | Section 9-1-3 addresses predictivity and describes the effects of chemicals on T-cells. And

there is a definition of T-cell targeting chemicals (TTCs).

Kaplan:

Criterion 3 says “#2 or #3 on twa or more cytokines.” Does that refer only to the three
cytokines mentioned in #2 and #3? For example, isIL-17 excluded? Thisis not clear. If thereis
areport for other cytokines, would they be considered TTCs?

Kgjima:

| can’t answer at the moment, but | will ask Dr. Aiba.

Kaplan:

This is an impraovement aver the original report. Once we have some clarification on Criterion
3, | think that these criteria are acceptable.

van Loveren:

Although | think it would be good to extend this to other cytokines, nat just the ones listed.

Kajima:

(Brief review of other changes in red. Flease see revised Validation Study Report.)
If you are happy with this report, then we can move on to reviewing the PRP Evaluation
Criteriaand creating the PRP report.

Kaplan:

Do we need to read this and provide comments? What do you need from the FRF to submit to
the OECD?

Kajima:

If you feel that the Validation Study Report satisfies the 14 PRP Evaluation Criteria, then you
can prepare a Peer Review Report of about 12 pages with acomment about each criterion. And
then the Validation Study Report and the Peer Review Report will be reviewed by an OECD
expert working group.

van Laoveren:

Are there specific places we shauld comment on?

Kgjima:

WEe revised the Validation Repart based on the comments from the PRF.

Kaplan:

So we have already cavered the critical issues. But if there is anything specific you want us to
look at, please tell us now.

van Laoveren:

Is there any issue we need to address now?

Kgjima:

I will share these documents with you, and after we have your comments, Dr. Kayama will
write the fina PRP report.

Neff-LaFord:

Once you see the documents, it is pretty easy ta follow what has been changed, so we should
be ableto follow it.

Kgjima:

The deadline for comments if possible, would be by the end of October and then we can have
another teleconference in early or mid-November.
OK, | will send you meeting minutes, the newest validation Study Repart, and the evaluation
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7. Teleconferance
October 41, 2019

The response to the reviewers’ comments:

Thank you for your kind consideration and important suggestions to the validation
report. We revised the validation report according to the reviewers’ comments. In
addition, we corrected the values of the predictivity of this assay because there was one
calculation error and we changed the classification of chemicals based on several
references we found. The modified part was as follows. All the modified parts were
written in red.

1. We modified the criteria to classify immunotoxic chemicals according to the
reviewers’ comments. (9-1-3. Predictivity in Page 61 and 10-3-1. Rationale to
determine....... in Page 82)

2. Wereca culated the predictivity. Consequently, the predictivity of the Phase 11 study,
the combined Phase | and Phase Il studies, and the data set was slightly changed.
Briefly, the average predictivity of the Phase Il was changed from 74.0% (40/54) to
70.2% (40/57). The average predictivity of the combined Phase | and Phase Il studies
was changed from 76.8% (53/69) to 75.0% (54/72). The predictivity of 60 chemicals
was not changed. These changes were precisely described in Abstract, 9-4-3.
Predictivity in the Phase |1 study, Table 22, 9-6-3. Predictivity in the Phases | and 11
studies, Table 23, 10-3-2. The predictivity of the Phase | and Phase Il studies, 10-4.
IL-2 Luc assay data set for 60 chemicals, and Table 24.

3. Whilerevising the VR, we found a very crucial report by Luster et al, 1992. In their
manuscript (Luster et al., 1992b), they proposed the rationale for immunotoxic
classification. Namely, their proposal was that a positive was established on the basis
that the test material either produced significant dose-response effect in the immune
tests or significantly altered two or more test results at the highest dose of chemical
tested. Furthermore, they classified chemicals based on their results of immune tests
according to this rationale and found that there was a significant correlation between
the judgment of immunotoxic chemicals and the host resistance (Luster et al., 1993).
Therefore, we referred to their paper in 9-1-3. Predictivity and 10-3-1. Rationale to
determine.....
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4. We aso added the comparison between the predictivity of the IL-2 Luc assay and that
reported by Luster et a (Luster et a., 1992a; Luster et a., 1993; Luster et a.,
1992b)and between the predictivity of the IL-2 Luc assay and that of the human whole

blood cytokine release assay by Langezaal et al(Langezaa et a., 2002) in 10.4. IL-2
Luc assay data set for 60 chemicals.
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Teleconference for IL-2 PRP
November 11, 2019

Peer Review Panel: Henk van Loveren, Barbara Kaplan, Haley Neff-LaFord, Fujio Kayama,
Takao Ashikaga, Lin Shi, Xingchao Geng

VMT: Hajime Kojima, SetsuyaAiba, Takuya Kimura

Observers. Steve Venti (meeting minutes)

Kaojima: | In this meeting, we will discuss the revised validation report prior to discus
items.  Werevised the report based on your comments. After the previous
we received it in accordance with the comments from Barbara, and you ha
comments that have not been reflected yet, so | think we need to discuss th

Kaplan: | | think these revisions are fine as long as things are separated into a teble o
intelligible.

Aiba: | | don’t know who made this table, but it presents what | wanted to <say, <o |
thisif the PRP agrees.

Kaojima: | Dr. Aiba will calculate predictive capacity based on this table, <o the most i
that the PRP finds this table acceptable.

Kayama: | | think these criteria are easier to understand as presented in the table.

van Loveren:

| am still concerned that the introduction i< confusing to a naive reader. We
understand that MITA is the context, not the aim, of this study. But the intr
clear statement at the start of the introduction that the aim of this validatior
not MITA in genera. Mentioning MITA in the introduction is fine, but you
at the start of the introduction. The introduction must begin with the aim of
IL-2.

According to the reviewer’s suggestion, | changed the abstract and began it
this study.

Kaplan:

The first time | read this introduction, | thought that you were validating th
later | redlized that is not the case. The goal isto validate the IL-2 assay. | ¢
Haley that the goal of the validation needs to be stated clearly at the start o
Even just one sentence is enough. Just clearly state that the goal isto valid:
As described in the response to Dr. van Loveren’s comment, | changed the
it with the purpose of this study.

Neff-LaFord:

Yes, just more <ection 3 up higher.
As suggested by the reviewer, we moved the objective of the study to secti

van Loveren:

WEe need to say “proposed AOF” because this AOF has not yet been accept
As suggested, we added “proposed ““ in 3-9. The proposed Adverse Outcon
of chemicalsthat affect IL-2 transcription.

Neff-LaFord:

The expression “IL-2 LA” appears to mean the same thing as “IL-2 Luc As
intended to mean something different, then this needs to be spelled out mor
According to the reviewer’s comment, we maodified Table 3. Definition of 1
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Aiba:

Yes, | will clerify that.

van Loveren:

On page seven in introduction, | have suggested a revision, but perhaps the
the applicability range that | deleted needs to be added back.

Kaplan:

| think that in context, the meaning of “applicability domain” i< clear enou
the word “however” should be removed for clarity.
As suggested by several reviewers, we deleted “however”.

van Loveren:

The applicability domain i< discussed in the preceding paragraph, so mayb
Haley’s suggestion asis.

Kojima:

In section 9-5, | will inform you the detailed records collected in the princi

Neff-LaFord:

| don’t understand what “almaost comparable” means in section 10-3-1.
We changed “‘comparable” to “similar to”, which is now in section 10-7.

Kaplan: | Given the emphasis on comparing IL-2 results with the results of other test
section needs to be expressed more clearly. | think thisinformation isimpc
it should be described more clearly.

Intherevised VL, we tried to describe more clearly the following sections,
Acshikage: | | couldn’t find any description about regulatory application in the report.
We added a new section describing the regulatory application (10-9)
Aiba: | Do | need to respond to each of these comments one by one?
Achikaga: | Why is SFO-luciferase activity measured in this assay?
We made a comment for the reason to ignore SL O-luciferase activity or |Fl
Aiba: | It is automatically measured but it i< not necessary for this assay.
Kaplan: | This is related to what we were talking about before. This report contains a
that is only incidentally related to IL-2, which confuses the reader.
Achikage: | | could not find a list of praficiency chemicals. Shouldn’t the devel oper sut
Aiba: | Yes. Appendix 14 and 15 have a list of proficiency chemicals.
Kaojima: | Are there any other comments?
Xingchao: | | agree with the comments and | think the report is improved.
Lin: | (inaudible)
Aiba: | (inaudible)
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van Loveren:

The applicability domain does not seem to be defined anywhere. Where i<
applicability domain? All the information is there, but there isno single cle
could rename 10-6 and start with a simple explanation of the applicability (
According to the reviewers’ suggestion, we changed the name of 10-6 to th
domain and the limitation of the IL-2 Luc assay and added a simple explan
applicability domain.

Kaplan: | Thisis a good point. We have defined a T-cell target, <o we need to say tha
applicability domain.
We have answered to Dr. van Loveren’s comment.
Aiba: | OK, I will provide a clear definition of what the applicability domain is.
Kojima: | | will share the minutes of this meeting, and then Dr. Aiba and the VMT wi
validation report to share with the PRP. Perhaps you can then submit your
Kayama within one month and to be created the PRP report by Dr. Kayame
Kayama: | The most important comment today is Henk’s last comment.
Aiba: | Id like to ask Dr. Kayama to summarize the FRF comments, because | alre
origina comments. | would like to know what | should respond to.
Kayama: | Will the PRF report be incorparated into the validation report or separately
Kojima: | Separately attached.
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9. IL-1 Luc assay Phase I validation

The results of the Phase | study

Line25 judge 25
LabA Tohoku LabB AIST tsukuba LabC AIST shikoku
setNo. code No. setNo. code No. setNo. code No.
Setl MITA103 MITA103 S Setl MITB402 MITB402 S Setl MITC704 MITC704
Set2 MITA203 MITA203 S Set2 MITB501 MITB501 S Set2 MITC803 MITC803
Set3 MITA304 MITA304 S Set3 MITB605 MITB605 S Set3 MITC902 MITC902
Setl MITA101 MITA101 N Setl MITB404 MITB404 N Setl MITC701 MITC701
Set2 MITA205 MITA205 N Set2 MITB505 MITB505 N Set2 MITC802 MITC802
Set3 MITA305 MITA305 N Set3 MITB603 MITB603 N Set3 MITC905 MITC905
Setl MITA104 MITA104 N Setl MITB403 MITB403 N Setl MITC705 MITC705
Set2 MITA202 MITA202 N Set2 MITB502 MITB502 N Set2 MITC805 MITC805
Set3 MITA303 MITA303 N Set3 MITB601 MITB601 N Set3 MITC901 MITC901
Setl MITA105 MITA105 S Setl MITB401 MITB401 S Setl MITC702 MITC702
Set2 MITA204 MITA204 S Set2 MITB503 MITB503 S Set2 MITC801 MITC801
Set3 MITA301 MITA301 S Set3 MITB602 MITB602 S Set3 MITC904 MITC904
Setl MITA102 MITA102 N Setl MITB405 MITB405 N Setl MITC703 MITC703
Set2 MITA201 MITA201 N Set2 MITB504 MITB504 N Set2 MITC804 MITC804
Set3 MITA302 MITA302 N Set3 MITB604 MITB604 N Set3 MITC903 MITC903

Within laboratory reproducibility: Lab A: 100% (5/5), Lab B: 100% (5/5), Lab C 100% (5/5)
Between laboratory reproducibility: 100% (5/5)
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10. IL-1 Luc assay Phase Il validation

_ |ESATORSKET]  LebB Tsukuba | LabC AIST Shikoku Between-labolatory
Chem No|Code No.| Judge |Code No.| Judge |Code No.| Judge | concodanceor disconcodance

2| MTA117 S MIB221 S MTC305 S concodance
3| MTA105 N MIB220 N MTC301 N concodance
4] MTA120 N MIB203 N MTC318 S disconcodance
5| MTA115 N MIB211 N MTC307 S disconcodance
6] MTA111 N MIB224 N MTC302 N concodance
7| MTA112 N MIB208 N MTC312 N concodance
8] MTA125 S MIB214 S MTC303 S concodance
11| MTA110 N MIB218 N MTC322 N concodance
12| MTA124 S MIB217 S MTC313 S concodance
13| MTA102 N MIB206 N MTC317 N concodance
14| MTA121 N MIB205 N MTC324 \\ concodance
15| MTA116 N MIB223 N MTC309 \ concodance
16| MTA118 N MIB202 S MTC316 N disconcodance
17| MTA108 S MIB204 S MTC315 S concodance
20| MTA113 S MIB219 S MTC323 S concodance
22| MTA107 S MIB222 S MTC314 S concodance
23] MTA119 N MIB201 N MTC306 S disconcodance
25| MTA104 N MIB210 N MTC311 N concodance
26| MTA114 S MIB216 S MTC304 S concodance
27) MTA127 N MIB227 N MTC327 N concodance
Between-labolatory concodance rate 80% (16/20)
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11. IL-1 Luc assay, IL-2 Luc assay, IL-8 Luc assay data set

Chemicals IL-2 IL-1B IL-8 Luc
Judge LOEL (ug/mL) Judge LOEL (ug/mL) Judge
FK506 S 0.00 N N
Cyclosporine A S 0.00 N N
Actinomycin D S 0.02 S 013 P
Digoxin S 0.07 S 059 P
Colchicine S 027 N P
FR167653 S 130 S 0.49 N
Benzethonium chloride S 163 N P
Mercuric chloride S 195 S 195 P
Chlorpromazine S 195 S 391 P
Dibutyl phthalate S 260 S 15.63 N
Amphoterycin B S 260 S 117 P
2-Aminoanthracene S 586 S 1172 P
Isophorone diisocyanate S 7.81S 391 P
Formaldehyde S 781 N P
Pyrimethamine S 781 N P
Cobalt chloride S 16.93 S 46.88 P
Cisplatin S 16.93 S 46.88 P
Chloroquine S 1783 S 39.06 P
Minocycline S 1852 S 62.50 P
Mitomycin C S 20.00 N P
Hydrogen peroxide S 2344 S 375.00 P
Citral S 25.00 S 488 P
Dexamethasone S 4167 S 098 N
Pentamidine isethionate S 52.08 S 64.45 P
Lead(ll) acetate S 5729 N N
Azathioprine S 58.48 S 4155 N
Diesel exhaust particles S 62.50 S 39.06 P
Sodium dodecy! sulfate S 62.50 S 62.50 P
Dapsone S 7292 S 125.00 N
p -Nitroaniline S 83.33 S 125.00 N
Nitrofurazone S 83.33 N P
Sulfasalazine S 92.94 S 4481 N
Nickel sulfate S 10417 S 375.00 P
Aluminum chloride S 10417 N N
Chloroplatinicacid ) 250.00 S 23.44 P
Diethanolamin S 250.00 S 333.33 P
Sodium bromate S 500.00 S 500.00 P
Histamine S 750.00 N P
Isoniazid S 1000.00 N N
Triethanolamine S 1333.33 S 1000.00 P
Magnesium sulfate S 2000.00 N N
Warfarin N N N
Hydrocortisone N N N
Lithium carbonate N N P
2,4-Diaminotoluene N N N
Dibenzopyrene N N N
Cyclophosphamide N N P
Ethanol N N N
Methanol N N N
Hexachlorobenzene N N N
Trichloroethylene N N N
Methotrexate N N P
Rapamycin N N N
Mizoribine N N N
Mycophenolicacid A 040 S 72.00 P
2-Mercaptobenzothiazole A 16.11 S 93.75 P
Ribavirin A 26.04 S 750.00 N
Acetaminophen A 100.00 N N
Nicotinamide A 288.07 N N
Dimethyl sulfoxide A 2000.00 N N

AFC antibody forming cell, CSM cell surface marer, NK natural killer cell
activitv. LOEL lowest observed effect level
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12. 1L-2 Luc assay Phase I, Phase 1l
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NTP data

Immunotoxicity classification In vivo Ex vivo In vitro
hemical nam immune " :
Chemical name Classification Rationale sytem organ Cymk",'e TDAR Cymk".‘e T Ce", Mode of action
. production production proliferation
weight
Phase | study
S(IL-2, 4, IFN-g)(H) This compound then is proposed to modulate
Dibutyl phthalate TTC 3),4) A (spleen) A(IL-1b)(H) x 3 cytokine secretion from both
S(IL-1b) monocytes/macrophages and T cells.
N S (thymus) x 2
Hydrocortisone TTC 1) N S(IFN-a)
tyd ) S (spleen) ( )
S S(IFN-g, IL-1b)(H)
Lead(l1) acetate TTC 1) A(thymus) N A (L-4)(H) SH)
N A (IL-4, IFN-g)(H)
Nickel(ll) sulfate TTC 1) N S(IL-2)
S (thymus) SUFNG)
dimethyldithiocarba
mate (DMDTC) NTTC S(IL-1b) N(H)
Phase Il study
2.4-diaminotoluene NTTC N (spleen) s . B
A (spleen)
s SS'F':))((';‘;) S(hyxa | Pisptionof T-cd actvies hes been associter
Benzo(a)pyrene T7C 2,3 S(L-2) A N L—%(H) Sx6 with B(a)P induced immunotoxic effects (Urso et d.
S(IL-2, 4, IFN-g) 1986).
A (spleen) A(L-2) Sx4 A (IFN-g)(H) s
S (spleen) N (IFN=y) S(IL-2, IFN-g)
A (IFN-g)
Cadmium Chloride TTC 2),3) S(IL-2)
A(IL-2)
Overall, studies suggest that DBAA produces
" . N immunotoxic effects through modulation of T-cell
Dubro-maca(DBAA')C acid TTC 1), 4) s gﬁz)"i ) N S(L-2 4) s medieted cell immunity. T-cell apoptoss, through
extrinsic and intrinsic pathways, are proposed to
play arolein the mode of action.
" N S (thymus) x4 DES exposure was associated with down-regulation
Diethylstilbestrol A (IFN- 3 A(IL-1; o
! h{'DE'S) ) TTC 1), 2), 4) Athymug) x2 | ACFNOX3 | o n EI L-Z; of gene expression in the TCR complex, and the
A (spleen) TCR and CD28 signaling pathways.
A(IL-4)
" . S (IFN-y, IL-2)| S DPH treatment can lead to a decrease of suppressor
henylhydant, TT - -
Dipl on ¢ 2.9.4 S(l-le) |Ax2 T cdlis
N (IL-6, 12)
" " S (thymus)
Ethylene Dibromide TTC D S(spleen) A ~ s
(EDB) N
Studies suggest that glycidol modulates B-cell
Glycidol NTTC N S - - function, and NK cell and macrophage activities. 111
and decreased cytotoxic T cell activity
A (IL-2)(H) AHX4 | N ) .
: N Sx3 indomethacin inhibition of prostaglandin synthesis
lomet| TT
Indomethacin ¢ 34 A (spleen) Ax1| ACNOE) Ai 5 |[leads to atered T-cell function,
S(H)x3
ST S(IL-2)(H)
Isonicotinic Acid AH)x6
. TTC i) Nx2 A (IL-2)(H)
Hydrazide (IAH) S(L-1)(H) ﬁ
effects on T-cell function may play arolein
Nitrobenzene Undetermined :(ﬁm&z S - increased susceptibility to L. monocytogenes
(Burns et d. 1994).
S (thymus) x2
S(spleen) x 2 N (IL-2, 4, IFN-g)(H)
Urethane, Ethyl TTC ) N N(IL2) S; 21 AEN-GH) Nx2
carbamate A (thymus) S(IFN-g)(H)
A (spleen)
Tributyltin Chloride| TTC D S (thymus) x4 N ’:‘A (EIL,\f 2': —?1;?-2) S(H)
(TBTC) S(spleen) x 3 s SUFNGH) Sx3
N A(H) Direct modulation of NF-kB has been implicated in
Pe'ﬂ;':j"(';;“gi‘;m TTC 1 zgem”s)):; N (IFN-g) Sg té;i:; S(H) | modulation of cytokine production and secretion
N(H)  |(Corsini etd. 2012).
Dichloroacetic Acid A('\[‘F(ll\ll::)x 3 A(L-2(H) T-cdl activation was one proposed mode of action
TTC A N A(IL-2, IFN- .
(DCAA) 2.9 (Plee) | gLayx2 (L-2,1FN-0) for DCAA.
S(L-2)
Toluene NTTC N N N
Acetonitrile NTTC S(thymus) 2 - -
Mannnitol NTTC N (H)
Vanadium N
Pentoxide NTTC A (spleen) N N
o-Benzyl-p-
chlorophenol (BCP) NTTC N 47

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity



Appendix 8 Table. The summary of immunotoxicological dataof 25 chemicals (continue)

The data collected by the VMT

In vitro effect on IL-2

In vitro_effect on IFN-g

In vitro effect on IIL-4

Chemical name . in vitro
Eff Al |
ect nimal (method)

References

Effect

Animal

in vitro (method)

References

Effect

Animal

in vitro
(method)

References

Phase | study

Dibutyl phthalate

human

T cells (invitro)

Hansen etal. 2015

human

T cells (invitro)

Hansen etal. 2015
(0.0278-27.8
ug/mL)

S human | ymphocyte (in vitio)

Hydrocortisone
s human  |PBL (invitro)

Chikanza and Panayi
1

3
Goodwin etal. 1986

Lead(I1) acetate

no effect
S

mice

mice
human

(exvivo)

cellline (EL-4)
PBMC

Cabezud
etal. 2007

Wagner et al. 2006

Hemdan et al. 2005

no effect
A
A

mice

mice
human

rat

(exvivo)

cellline (EL-4)
PBMC (invitro)

?

Cabezudo etal.
2007

Wagner et al. 2006
Hemdan et al. 2005
Chen et al. 2004

Nickel(ll) sulfate

A
A (NICI2)
A

A

Spleen cell (in vitro)
cellline (EL-4)

PBMC (in vitro)

lymphoid lung cell (ex vivo)

Kim etal. 2009
Wagrer et al. 2006
Thomas et al. 2003
Goutet etal. 2000

AS
A (NiCI2)

A

mice
mice

human

spleen cell (in vitro)
cellline (EL-4)

PBMC (invitro)

Kim etal. 2009
Wagrer et al. 2006
Thomas et al. 2003

dimethyidithiocarba
mate (DMDTC)

Phase Il study

2.4-diaminotoluene

Benzo(a)pyrene

Cadmium Chloride

N (exvivo), A (in|
vitro)

s

S (IC50=7.05E-
05 M)

S

rat

rat

human

mice

splenocyte (ex vivo, in vitro)
spleen cell (ex vivo)

PBMC (in vitro)

thymocyte, splenocyte (in
vitro)

Wang etal. 2017

Demenesku etal
2014
Kooijiman et al. 2010

Pathak and
Khandelwal 2008

no effect

rat

spleen cell (exvivo)

Demenesku etal.
2014

Dibromoacetic acid
(DBAA)

Diethyistilbestrol
(DES)

Diphenylhydantoin

Ethylene Dibromide
(EDB)

Glycidol

Indomethacin

human |PBMC (invitro), cell
Isonicotinic Acid line (Jurkat)
Hydrazide (1AH)

Tsuboi et al. 1995

Nitrobenzene

Urethane, Ethyl
carbamate

Tributyltin Chloride|
(TBTC)

o effect
(TBTO)

mice

cellline (EL-4)

Ringerike etal. 2005

Perflouorooctanoic
Acid (PFOA)

Dichloroacetic Acid
(DCAA)

Toluene

Acetonitrile

Mannnitol

Vanadium
Pentoxide

o-Benzyl-p-
chlorophenol (BCP)

S: Suppression, A: Augumentation, N: No effect, (H) humanastudy,
#: The criterion number used to define immunotoxicity
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Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.

Immunotoxicity classification Thymus weight Ex Vivo effect on IL-2
Chemical name P : ex vivo
Classification Rationale” | Weight = Animal Reference Effect  Animal Reference
(method)
TTC 1,3 decrease rat Nalesnik et al.

decrease rat 1987
Takai et al. 1990

FK506
TTC 1,3 decrease  mice Aulietal 2012
no effect mice  Kanariou et al.
decrease rat 1989
Cyclosporine A decrease n mice Beschorner et al.

1987
Hattori et al. 1987

TTC 3
Actinomycin D
TTC 2,3
Digoxin
TTC 2,3 A human  PBMC (ex vivo) Freed etal. 1989
Colchicine
Undetermined 2,3
FR167653
Benzethonium chloride Undetermined 1 decrease rat, mice National Toxicology
Program 1995
TTC 1,3 decrease  mice Dieter et al. 1983
Mercuric chloride
TTC 1,3 decrease  mice Aulietal. 2012
decrease rat Silvestrini et al.
Chlorpromazine 1967
Amphotericin B Undetermined 1 decrease mice Blanke et al. 1977
TTC 3 no effect rat Zhang et al. 2013

Dibutyl phthalate no effect rat Salazar et al. 2004

2-Aminoanthracene Undetermined
TTC 23 no effect rat Vargova et al. 1993
Formaldehyde

Undetermined
Pyrimethamine

Isophorone diisocyanate |Undetermined

TTC 1,2,3 decrease n mice  Kouchi et al. 1996 S mice Spleen cell (ex Kim et al. 2019
. . decrease = mice Sugiyama et al. vivo)
Cisplatin 1995
Cobalt chioride TTC 1,3 decrease rat  Chetty etal. 1979
) TTC 1,3 decrease = human Garly et al. 2008

Chloroquine
TTC 3

Minocycline
Undetermined

Mitomycin C

TTC 3
Hydrogen peroxide

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Chemical name

In vitro effect on IL-2

In vitro effeon on IFN-y

Effect  Animal in vitro (method) Reference Effect Animal in vitro (method) Reference
S mice cell line (EL-4) Wagner et al. 2006 S mice cell line (EL-4) Wagner et al. 2006
S rat primary astrocyte cell Gabryel et al. 2004
(in vitro)
FKS08 S human cell line (Jurkat, Hut- Henderson et al. 1991
S human 78) Yoshimura et al. 1989
PBMC
S mice cell line (3A9 Tcell Lehmann and IC50=5.00E-08 human PBMC (in vitro) Kooijman et al. 2010
hybridoma) Williams 2018 M mice cell line (EL-4) Wagner et al. 2006
S mice cell line (EL-4) S mice cell line (EL-4) Ringerike et al. 2005
Cyclosporine A S rat primary astrocyte cell Ringerike et al. 2005 S
(in vitro) Gabryel et al. 2004
S human cell line (Jurkat, Hut-
78) Henderson et al. 1991
Actinomycin D S mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
S human PBMC (in vitro) Wang et al. 1984
S human cell line (HepG2), Karas et al. 2018, He | S (ex vivo), no mice spleen cell (ex vivo, in Hinshaw et al. 2016
Th17 cell, thymocytes et al. 1998 effect (in vitro) human vitro) Kooijman et al. 2010
Digoxin no effect human PBMC (in vitro) S (IC50=4.31E- PBMC (in vitro)
S human PBMC (in vitro) Sheikhi et al. 2007 07 M)
Gentile et al. 1997
A human cell line (Jurkat) Dupuis et al. 1993 N human 'PBMC (in vitro) Kooijman et al. 2010
(1C50>5.00E-
04 M(=200 mice spleen cell (in vitro) ~ Sosroseno 2009
Colchicine ug/mL)) human 'PBMC (in vitro) Tzortzaki et al. 2007
S (invitro)  human Altindag et al. 1997
A
S
no effect 'mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
FR167653 no effect human lymphocyte (in vitro) Yamamoto et al. 1996 S mice spleen cell (ex vivo)  Ando et al. 2004
no effect human 'lymphocyte (in vitro)  Yamamoto et al. 1996
. . no effect mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
Benzethonium chloride
S mice plasma (in vivo) Santarelli et al. 2006 S human ' PBMC (in vitro) Kooijman et al. 2010
no effect mice cell line (EL-4) Wagner et al. 2006 (IC50=3.06E- mice cell line (EL-4) Wagner et al. 2006
Mercuric chloride A mice spleen cell Hu et al. 1997 06 M) mice cell line (EL-4) Ringerike et al. 2005
A
S
A human whole blood (in vitro) 'Himmerich et al. 2011 S human thymocytes (in vitro)  Schleuning et al. 1989
S rat mixed glial and Labuzek et al. 2005 S mice Spleen cell (in vitro)  Johnson et al. 1985
Chlorpromazine microglial cell cultures
(in vitro)
S human thymocytes (in vitro)  Schleuning et al. 1989
Amphotericin B
: S human T cell (in vitro) Hansen et al. 2015 S human T cells (in vitro) Hansen et al. 2015
Dibutyl phthalate
2-Aminoanthracene A mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
S (mRNAand human T cell (in vitro) Sasaki et al. 2009
Formaldehyde protein) mice spleen cell (ex vivo)  Fujimaki et al. 2004
A
A mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
Pyrimethamine no effect human lymphocyte (in vitro)  Bygbjerg et al. 1987
(<LOEL)
Isophorone diisocyanate no effect mice Lymph node (ex vivo) Selgrade et al. 2006
no effect mice cell line (EL-4) Wagner et al. 2006 S mice Spleen cell (ex vivo)  Kim et al. 2019
Cisplatin (<LOEL) A mice cell line (EL-4) Wagner et al. 2006
A human PBL (in vitro) Riesbeck 1999
S human  PBL (in vitro) Sfikakis et al. 1996
Cobalt chloride S mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
. S human  Synovial T cell clones Landewe et al. 1995 A mice ? (ex vivo) Rosa et al. 1999
Chloroquine
S human T cell clone Landewe et al. 1992
S human  PBMC (in vitro) Maeda et al. 2010 no effect mice splenocyte (ex vivo)  Chen etal. 2010
Minocycline S human T cell clones (in vitro) Kloppenburg et al.
1995 S human T cell clones (in vitro) Kloppenburg et al. 1995
no effect 'mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
Mitomycin C (<LOEL) human mononuclear Roche et al. 1988
S leukocyte (in vitro)
. A mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
Hydrogen peroxide s human  PBMC (in vitro) Freed et al. 1987

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Chemical name

In vitro effect on IL-4

Effect Animal in vitro (method) Reference
S mice  cell line (EL-4) Wagner et al. 2006
FK506
S mice cell line (EL-4) Wagner et al. 2006
S mice cell line (EL-4) Ringerike et al. 2005
S human cell line (D10.G4.1)  Schmidt et al. 1994
Cyclosporine A
Actinomycin D A mice  cell line (EL-4) Wagner et al. 2006
Digoxin
A (invitro) mice spleen cell (in vitro) Sosroseno 2009
Colchicine
S mice  cell line (EL-4) Wagner et al. 2006
FR167653 no effect mice  spleen cell (ex vivo) Ando et al. 2004
A i Il line (EL-4 W . 2
Benzethonium chloride mice . call fine ( ) agner et al. 2006
A mice  cell line (EL-4) Wagner et al. 2006
Mercuric chloride
S mice  splenic lymphocyte (  Pei et al. 2014
in vitro)
Chlorpromazine A human whole blood (in vitro) Himmerich et al. 2011
Amphotericin B
Dibutyl phthalate S human T cells (in vitro) Hansen et al. 2015
2-Aminoanthracene A mice  cell line (EL-4) Wagner et al. 2006
no effect human T cell (in vitro) Sasaki et al. 2009
Formaldehyde
A mice cell line (EL-4) Wagner et al. 2006
Pyrimethamine
Isophorone diisocyanate
A mice  Spleen cell (ex vivo) Kim et al. 2019
) . no effect 'mice cell line (EL-4) Wagner et al. 2006
Cisplatin
A i Il line (EL-4 W . 2
Cobalt chloride mice  cell line ( ) 'agner et al. 2006
X no effect mice  ? (exvivo) Rosa et al. 1999
Chloroquine
no effect 'mice  splenocyte (ex vivo) Chen etal. 2010
Minocycline
no effect mice cell line (EL-4) Wagner et al. 2006
Mitomycin C
A mice  cell line (EL-4) Wagner et al. 2006

Hydrogen peroxide

S: Suppression, A: Augumentation, N: No effect, (H) humana study,

#: The criterion number used to define immunotoxicity



Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.

Immunotoxicity classification Thymus weight Ex Vivo effect on IL-2
Chemical name ex vivo
Classification Rationale* Weight = Animal Reference Effect  Animal Reference
(method)
Undetermined 1 decrease rat Ress et al. 2003
Citral decrease rat, mice National Toxicology
Program 2003
TTC 1,3 decrease = mice Aulietal 2012
decrease = mice  Munson et al. 1982
Dexamethasone decrease rat Exon et al. 1986
TTC 3
Pentamidine isethionate
TTC 1,3 increase rat Bunn et al. 2001 no effect rat spleen cell (ex Bunn et al. 2001
vivo)
Lead(ll)acetate no effect rat sF)Ieen cell (ex Miller et al. 1998
vivo)
TTC 1,2,3 decrease rat De Waal et al. S mice, rat lymphocyte, Meredith and Scott 1994
decrease rat 1995 thymocyte (in
Azathioprine Vos and Van vitro, ex vivo) Dupont et al. 1985
Loveren 1994 S human  PBMC (ex vivo)
Diesel exhaust particle  |TTC 1,3 decrease rat  Tsukue et al. 2001
TTC 3
Sodium dodecyl sulfate
TTC 3 No Effect mice  https://ntp.nieh
s.nih.gov/testing
Dapsone /types/imm/abs
tracts/imm9001
5/index.html
NTTC No Effect  mice  https://ntp.nieh
s.nih.gov/testing
Nitrofurazone /types/imm/abs
tracts/imm9001
1/index.html
p-Nitroaniline TTC 1,3 increase, mice  National Toxicology
decrease Program 1993b
. TTC 1,3 decrease rat National Toxicology
Sulfasalazine
Program 1997
TTC 1,3 diminishe = mice  Synzynys et al.
Aluminium chloride d thymic 2004
cellularity
TTC 1,3 no effect  mice Knight etal. 1991
decrease rat Haley et al. 1990
Nickel sulfate decrease rat, mice National Toxicology
Program 1996
TTC 1,3 decrease  mice Van Dijk et al. 1979
decrease rat El Fouhil et al.
(PND 21), 1993a, El Fouhil et
Hydrocortisone increase al.1993b, EI Founhil
(PND 42) and Turkall 1993
Undetermined 1 decrease  mice  https://ntp. niehs
.nih. gov/testing/
Diethanolamine types/imm/abstrac
004. html
Undetermined X
Chloroplatinic acid
Undetermined 1 No Effect  mice https://ntp. niehs

Sodium bromate

S: Suppression, A: Augumentation, N: No effect, (H) humana study,

#: The criterion number used to define immunotoxicity

.nih. gov/testing/
types/ imm/abstrac
ts/imm98004/ index
el




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Chemical name

In vitro effect on IL-2

In vitro effeon on IFN-y

Effect  Animal in vitro (method) Reference Effect Animal in vitro (method) Reference
X
Citral
S mice cell line (3A9 Tcell Lehmann and S human PBL (in vitro) Arya et al. 1984
hybridoma) Williams 2018 S human T cell (in vitro) Reen and Yeh 1984
Dexamethasone no effect 'mice cell line (EL-4) S mice T cell clone (in vitro)  Kelso and Munck 1984
S human CBMC, PBMC (in Wagner et al. 2006 S mice splenocyte (ex vivo)  Kunicka et al. 1993
vitro) Bessler et al. 1996 no effect mice cell line (EL-4) Wagner et al. 2006
S mice cell line (EL-4) Ringerike et al. 2005 A mice cell line (EL-4) Wagner et al. 2006
o . no effect 'mice cell line (EL-4) Wagner et al. 2006 S mice cell line (EL-4) Ringerike et al. 2005
Pentamidine isethionate -
no effect human whole blood (in vitro) Van Wauwe et al.
(<LOEL) 1996
S mice cell line (EL-4) Wagner et al. 2006 S mice splenocyte (ex vivo)  Fernandez-Cabezudo
et al. 2007
no effect mice cell line (EL-4) Wagner et al. 2006
L Il tat
ead(lhacetate s human PBMC Hemdan et al. 2005
S mice cell line (3A9 Tcell Lehmann and S human PBMC (ex vivo) Weimar et al. 1995
hybridoma) Williams 2018 S human PBMC (ex vivo) Dupont et al. 1985
Azathioprine S mice, lymphocyte,
rat thymocyte (in vitro, ex Meredith et al. 1994
vivo)
Diesel exhaust particle A mice cell line (EL-4) Wagner et al. 2011 S human T cell (in vitro) Sasaki et al. 2009
mice cell line (EL-4) Ringerike et al. 2005 S human ' PBMC (in vitro) Kooijman et al. 2010
Sodium dodecyl sulfate (IC50=1.61E- mice cell line (EL-4) Ringerike et al. 2005
04 M)
S, A mice cell line (EL-4) Wagner et al. 2006 S, A mice cell line (EL-4) Wagner et al. 2006
S mice splenocyte (in vitro)  Peterson et al. 1997
Dapsone
A mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
Nitrofurazone
. - A mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
p-Nitroaniline
Sulfasalazine S mice splenocyte (in vitro)  Fujiwara et al. 1990 S human BAL cell (in vitro) Dobis et al. 2010
A rat CNS (in vivo) Correale et al. 1991
S rat lymphocyte (in vitro) She et al. 2012
Aluminium chloride
S (NiCl;) human Cell line (Jurkat) Saito et al. 2011 A mice spleen cell (in vitro)  Kim et al. 2009
A mice spleen cell (in vitro)  Kim et al. 2009 A (NiCI2) mice cell line (EL-4) Wagner et al. 2006
Nickel sulfate A (NiCl;) mice cell line (EL-4) Wagner et al. 2006 A human ' PBMC (in vitro) Thomas et al. 2003
A rat lymphoid lung cell (ex Goutet et al. 2000
vivo)
human ' lymphocyte (in vitro)  Chikanza and Panayi
S human PBL (in vitro) 1993
S human lymphocyte (in vitro)  Goodwin et al. 1986
Hydrocortisone S human PBMC (in vitro) Palacios and
S Sugawara 1982

Diethanolamine

Chloroplatinic acid

Sodium bromate

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity

Northoff et al. 1980




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Chemical name

In vitro effect on IL-4

Effect Animal in vitro (method) Reference
X
Citral
A mice  cell line (EL-4) Wagner et al. 2006
S human cell line (D10.G4.1)  Schmidt et al. 1994
Dexamethasone S mice  splenocyte (ex vivo) Kunicka et al. 1993
A mice  cell line (EL-4) Wagner et al. 2006
Pentamidine isethionate S mice  cell line (EL-4) Ringerike et al. 2005
A mice  splenocyte (ex vivo) Fernandez-Cabezudo et
no effect mice cell line (EL-4) al. 2007
A human PBMC (in vitro) Wagner et al. 2006
Lead(lljacetate A at 2 Hemdan et al. 2005
Chen et al. 2004
Azathioprine
Diesel exhaust particle no effect 'human T cell (in vitro) Sasaki et al. 2009
Sodium dodecyl sulfate
S mice  cell line (EL-4) Wagner et al. 2006
Dapsone
no effect 'mice cell line (EL-4) Wagner et al. 2006
Nitrofurazone
i - A mice  cell line (EL-4) Wagner et al. 2006
p-Nitroaniline
. S mice  mesangial cell (in Tsai et al. 2000
Sulfasalazine .
vitro)
Aluminium chloride
A 'S mice  spleen cell (in vitro)  Kim et al. 2009
A(NiCI2) mice cellline (EL-4) Wagner et al. 2006
A human PBMC (in vitro) Thomas et al. 2003

Nickel sulfate

Hydrocortisone

Diethanolamine

Chloroplatinic acid

Sodium bromate

S: Suppression, A: Augumentation, N: No effect, (H) humana study,

#: The criterion number used to define immunotoxicity



Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Immunotoxicity classification Thymus weight Ex Vivo effect on IL-2
Chemical name -
. " . . ex vivo
Classification Rationale* Weight = Animal Reference Reference
(method)
TTC 3
Histamine
NTTC 1 No Effect  mice https://ntp.niehs
.nih. gov/testing/
Isoniazid types/imm/abstrac
ts/imm96002/ index
html
Triethanolamine Undetermined
Magnesium sulfate Undetermined
TTC 1,3 decrease rat Lu etal. 2015
Rapamycin
Undetermined
Mizoribine
TTC 3
Warfarin
NTTC 1 No Effect ~ mice https://ntp. niehs
.nih. gov/testing/
2,4-Diaminotoluene types/imm/abstrac
ts/imm87034/ index
html
TTC 1 decrease = mice Aulietal 2012 splenocyte (ex Tabi et al. 1988
decrease  mice https:/ntp.niehs.ni vivo)
. h.gov/testing/types/
Cyclophosphamide imm/abstracts/imm
decrease rat 90015/index.html
Exon et al. 1986
Undetermined 3
Dibenzopyrene
TTC 1, 3 decrease mice Kim and Park 2002
Ethanol
Undetermined 1,2 no effect rat  Vosetal 1979 spleen cell (ex Ezendam et al. 2004
decrease  mice Loose etal. 1978 vivo)
cortical = monkey latropoulos et al. spleen cell (ex Vandebriel et al. 1998
atrophy 1976 vivo)
Hexachlorobenzene
TTC 1,3 decrease = mice  https://ntp.niehs.ni
h.gov/testing/types/|
Lithium carbonate imm/abstracts/imm
85001/index.html
NTTC 1 decrease rat Parthasarathy et
Methanol al. 2005
TTC 3
Methotrexate
NTTC 1,3 no effect mice Caren etal. 1985
Dimethyl sulfoxide

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Chemical name

In vitro effect on IL-2

In vitro effeon on IFN-y

Effect  Animal in vitro (method) Reference Effect Animal in vitro (method) Reference
S mice splenocyte (in vitro)  Poluektova et al. 1999 no effect mice serum (in vivo) Metushi and Uetrecht
Histamine S human PBMC (in vitro) Huchet and Grandjon 2014
A 'S mice spleen cell (in vitro) 1988
Khan et al. 1985
S (13.7, human T cell (in vitro) Kucharz and
1371 Sierakowski 1990
Isoniazid ug/mL), A
(0.0137~1.
37 ug/mL)
Triethanolamine X
Magnesium sulfate
A 'S mice cell line (EL-4) Ringerike et al. 2005 no effect mice cell line (EL-4) Ringerike et al. 2005
A rat primary astrocyte cell Gabryel et al. 2004
(0.0009ug/ (in vitro)
mL), S
Rapamycin (0.457ug/m
L)
S human T cell (in vitro) Hanke et al. 1992
S human cell line (Jurkat, Hut- Henderson et al. 1991
78)
S (>LOEL) mice T cells (in vitro) Song et al. 2006
Mizoribine no effect human peripheral blood T Turka et al. 1991
cells (in vitro)
S human T cell (in vitro) Bruserud and Lundin 1 S human PBMC (in vitro) Kooijman et al. 2010
Warfarin (IC50=3.16E-
04 M)
X X
X
2,4-Diaminotoluene
no effect 'mice cell line (3A9 Tcell Lehmann and
(needs hybridoma) Williams 2018
metabolizati
Cyclophosphamide
on)
A mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
Dibenzopyrene
S human cell line (Jurkat), Ghare et al. 2011 N human PBMC (in vitro) Kooijman et al. 2010
Ethanol primary CD4+ T (1C50>1.00E-
lymphocytes (in vitro) 03 M)
N human ' PBMC (in vitro) Kooijman et al. 2010
(1C50>1.00E-
05 M)
Hexachlorobenzene
A human PBMC (in vitro) Wilson et al. 1989 N human PBMC (in vitro) Kooijman et al. 2010
A human PBMC (in vitro) Parenti et al. 1988 (1C50>1.00E-
Lithium carbonate A human PBMC (in vitro) Sztein et al. 1987 03 M)
no effect mice cell line (EL-4) Wagner et al. 2006 N human PBMC (in vitro) Kooijman et al. 2010
Methanol (IC50>1.00E- mice cell line (EL-4) Wagner et al. 2006
03 M)
no effect
S mice cell line (3A9 Tcell Lehmann and
hybridoma) Williams 2018
Methotrexate A human PBMC (in vitro)
Cesario et al. 1984
S,A mice cell line (EL-4) Wagner et al. 2006 no effect mice cell line (EL-4) Wagner et al. 2006
Dimethyl sulfoxide no effect (1 human PBMC (in vitro) de Abreu Costa et al.
%), S (2.5, 2017
5,10 %)

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity




Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

In vitro effect on IL-4

Chemical name

Effect Animal in vitro (method)

Reference

Histamine

Isoniazid

Triethanolamine
Magnesium sulfate

S mice  cell line (EL-4)

Rapamycin

Mizoribine

Warfarin

2,4-Diaminotoluene

Cyclophosphamide

A mice  cell line (EL-4)

Dibenzopyrene

Ethanol

Hexachlorobenzene

Lithium carbonate
A mice  cell line (EL-4)

Methanol

no effect human cell line (D10.G4.1)

Methotrexate

A mice cell line (EL-4)

Dimethyl sulfoxide

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity

Ringerike et al. 2005

Wagner et al. 2006

Wagner et al. 2006

Schmidt et al. 1994

Wagner et al. 2006



Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

Immunotoxicity classification Thymus weight Ex Vivo effect on IL-2
Chemical name ox vivo
Classification Rationale* Weight = Animal Reference Effect  Animal Reference
(method)
NTTC 1 No Effect mice, rat https://ntp. niehs

.nih. gov/testing/
types/imm/abstrac
ts/imm20006/ imm20
006. htm|

https://ntp. niehs
.nih. gov/testing/
types/imm/abstrac
ts/imm96007/imm96

Trichloroethylene

007. html
Undetermined 1,3 decrease rat Pally et al. 2001
Mycophenolic acid
2-Mercaptobenzothiazole |Undetermined
TTC 1,3 decrease = mice https://ntp.niehs
.nih. gov/testing/
Ribavirin types/imm/abstrac
ts/imm90010/ index
_htnl
Nicotinamide Undetermined
Undetermined no effect mice  Kim and Park 2002
decrease rat, mice National Toxicology
Acetaminophen (rat), no Program 1993a
effect
(mice)

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity
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Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

In vitro effect on IL-2 In vitro effeon on IFN-y
Chemical name
Effect  Animal in vitro (method) Reference Effect Animal in vitro (method) Reference
Trichloroethylene
no effect human PBL (in vitro) Quemeneur et al.
Mycophenolic acid no effect mice spleen cell (in vitro) 2002

Lemster et al. 1992
2-Mercaptobenzothiazole

A human PBMC (in vitro) Sookoian et al. 2004
A human T cells (in vitro) Tam et al. 1999
Ribavirin
Nicotinamide
A mice cell line (EL-4) Wagner et al. 2006 A mice cell line (EL-4) Wagner et al. 2006
N (C50>5.00E- human PBMC (in vitro) Kooijman et al. 2010
Acetaminophen 04 M)

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity
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Appendix 9 Table . The summary of immunotoxicological data of 60 chemicals in the IL-2 Luc assay data set.(continue)

In vitro effect on IL-4

Chemical name
Effect Animal in vitro (method) Reference

Trichloroethylene

Mycophenolic acid

2-Mercaptobenzothiazole

Ribavirin

Nicotinamide
A mice  cell line (EL-4) Wagner et al. 2006

Acetaminophen

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
#: The criterion number used to define immunotoxicity
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NTP data

chlorophenol (BCP)

Immunotoxicity classification In vivo Ex vivo In vitro
Chemical name T . immune cytokine cytokine T cell .
Classification Rationale sytem_ organ production TDAR production proliferation Mode of action
weight
Phase | study
S(IL-2, 4, IFN-g)( H) This compound then is proposed to modulate
Dibutyl phthalate TTC 3),4) A (spleen) A(IL-1b)(H) x 3 cytokine secretion from both
S(IL-1b) monocytes/macrophages and T cells.
. S (thymus) x 2
H; TTC N I FN-
lydrocortisone 1) S (spleen) S( -a)
S | S(FNg, IL-1b)H)
TT
Lead(I1) acetate C 1) A(thymus) N A (L-4)(H) S(H)
N A (IL-4, IFN-g)(H)
Nickel(11) sulfate TTC 1) N S(IL-2)
S (thymus) SIFN-G)
dimethyldithiocarba
NTTC 8
mate (DMDTC) S(L-15) NH)
Phase || study
2.4-diaminotoluene NTTC N (spleen) S - -
A (spleen)
Sx5 15((::1;4))((}::} S(H)x2 Disruption of T-cell activities has been associated
Benzo(a)pyrene TTC 2,3 S(L-2) i with B(a)P induced immunotoxic effects (Urso et .
A N (IL-2)(H) Sx6 1986)
S(IL-2, 4, IFN-g) )
A (spleen) A(IL-2) Sx4 A (IFN-g)(H) s
S (spleen) N (IFN-y) S(IL-2, IFN-g)
A (IFN-g)
Cadmium Chloride TTC 2,3 S(L-2)
A(IL-2)
Overall, studies suggest that DBAA produces
. L immunotoxic effects through modulation of T-cell
Dibro (DBAAI)C acid TTC 1), 4) s (?t‘fyqr::se)ni > N S(IL-2,4) S mediated cell immunity. T-cell apoptosis, through
extrinsic and intrinsic pathways, are proposed to
play arole in the mode of action.
. . S (thymus) x 4 ~ DES exposure was associated with down-regulation
Dlaht’lDSEgeerI TTC 1), 2), 4) A (thymus) x 2 AN X3 S 2 E: tg of gene expression in the TCR complex, and the
A (spleen) TCR and CD28 signaling pathways.
A(IL-4)
. . S (IFN-y, IL-2)[ S DPH treatment can lead to a decrease of suppressor|
phenyt TT - -
bi fydantoin ¢ 2.9.4 S(L16) |Ax2 T cells
N (IL-6, 12)
I S (thymus)
Ethylene Dibromide TTC 1) S (spleen) A ~ s
(EDB)
N
Studies suggest that glycidol modulates B-cell
Glycidol NTTC N S - - function, and NK cell and macrophage activities.111
and decreased cytotoxic T cell activity
A(L-2)(H) AHx4 | —— ) )
: N Sx3 indomethacin inhibition of prostaglandin synthesis
TT g
Indomethacin ¢ 3.4 A (spleen) Ax1 ATFN-9ED Ai 3 leads to dtered T-cell function,
S(H)x3
I S(L-2)(H)
':sé"rg'd'zc(lii‘; TTC 2) Nx2 A(L-2)(H) A ('1) x6
S(L-1)(H) N
effects on T-cell function may play arolein
Nitrobenzene Undetermined :(ﬁ?;ins))ii lﬁ - increased susceptibility to L. monocytogenes
(Burns et al. 1994).
S (thymus) x2
S(spleen) x 2 N (IL-2, 4, IFN-g)(H)
Urahz”;;my' TTC 1) N N(L-2) S:l 21 AGFNGH) Nx2
carbamate A (thymus) SIFN-GY(H)
A (spleen)
Tributyltin Chloride S (thymus) x4 N A(NF-g(H) SH)
BTC TTC 1) S(sol 3 s N (IL-2, 4)(H) Sx3
(TBTC) (spleen) x SAFN-g(H) x
. A(H) Direct modulation of NF-kB has been implicated in
Perﬂ;;ozgz;som TTC 1) th{g)g N (IFN-g) S EIIIE?)E:)) SH) modulation of cytokine production and secretion
P N(H) |(Corsini etal. 2012).
Dichloroacetic Acid A (’:‘F(TIVI:;?)X 3 A(IL-2(H) T-cell activation was one proposed mode of action
TT > - - )
(DCAA) ¢ 2.9 Ao | g ayxz | N AL-21FN-9 for DCAA.
S(L-2)
Toluene NTTC N N
Acetonitrile NTTC S(thymus) 2 - -
Mannnitol NTTC A N (H)
1
Vanadium N
. NTTC N N
Pentoxide A (spleen)
o-Benzyl-p- NTTC N N - -

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
# The criterion number used to define immunotoxicity



Appendix 8 Table. The summary of immunotoxicological dataof 25 chemicals (continue)

The data collected by the VMT

In vitro effect on IL-2

In vitro effect on IFN-g

In vitro effect on IIL-4

Chemical name - in vitro - Lo ) in vitro
Effect | Animal References Effect [Animal |in vitro (method) |References Effect |Animal References
(method) (method)
Phase | study
S human | T cells (in vitro) Hansenetal. 2015 [S human [T cells (in vitro) Hansen etal. 2015
" (0.0278~27.8
Dibutyl phthalate ug/mL)
S human  |lymphocyte (in vitro) Chikanza and Panayi
1993
Hydrocortisone S human  |PBL (initro) Goodwin et al. 1986
S mice splenocyte (ex vivo) Fernandez-Cabezudo (A mice splenocyte (exvivo) |Femandez-
etal. 2007 no effect Cabezudo etal
Wagrer etal. 2006  |A 2007
no effect mice cellline (EL-4) Hemdanetal. 2005 (A mice cellline (EL-4) 'Wagner et al. 2006
Lead(!l) acetate human  [PBMC Hemdan et al. 2005
human  |PBMC (in vitro) Chenetal. 2004
rat ?
A mice |spleen cell in vitro) Kimetal, 2009 AS mice | spleen cell (invitro) |Kim etal. 2009
A(NiCI2) mice  |cellline (EL-4) Wager etal. 2006 | A (NiCI2) mice  |cellline (EL-4) Wagner et al. 2006
Nickel(I1) sulfate A human  |PBMC (invitro) Thomas et al. 2003 Thomas et al. 2003
A rat lymphoid lung cell (ex vivo) ~ [Goutet et al. 2000 A human | PBMC (in vitro)
dimethyldithiocarba
mate (DMDTC)
Phase |l study
2.4-diaminotoluene
Benzo(a)pyrene
N(exvivo), A (|  rat  |splenocyte (exvivo, invitro) |Wang etal. 2017 | no effect rat spleen cell (exvivo) |Demeneskuet al.
vitro) spleen cell (ex vivo) 2014
S rat Demeneskuet al.
PBMC (invitro) 2014
Cadmium Chloride S (IC50=7.05E-| human Kooijiman et al. 2010
05 M) thymocyte, splenocyte (in
S mice Vitro) Pathak and
Khandelwal 2008
Dibromoacetic acid
(DBAA)
Diethylstilbestrol
(DES)
Diphenylhydantoin
Ethylene Dibromide
(EDB)
Glycidol
Indomethacin
human  |PBMC (invitro), cell Tsuboi etal. 1995
Isoicotinic Acid | fine Qurkat
Hydrazide (IAH)
Nitrobenzene
Urethane, Ethyl
carbamate
no effect mice cellline (EL-4) Ringerike et al. 2005
Tributyltin Chloride (TBTO)
(TBTC)
Perflouorooctanoic
Acid (PFOA)
Dichloroacetic Acid
(DCAA)
Toluene
Acetonitrile
Mannnitol
A
Vanadium (e]9)
Pentoxide
o-Benzyl-p-
chlorophenol (BCP)

S: Suppression, A: Augumentation, N: No effect, (H) humana study,
# The criterion number used to define immunotoxicity




1993a. NTP Toxicology and Carcinogenesis Studies of Acetaminophen (CAS No.
103-90-2) in F344 Rats and B6C3F1 Mice (Feed Studies). Natl Toxicol Program
Tech Rep Ser 394, 1-274.

1993b. NTP Toxicology and Carcinogenesis Studies of p-Nitroaniline (CAS No.
100-01-6) in B6C3F1 Mice (Gavage Studies). Natl Toxicol Program Tech Rep
Ser 418, 1-203.

1995. NTP Toxicology and Carcinogenesis Studies of Benzethonium Chloride (CAS
No. 121-54-0) in F344/N Rats and B6C3F1 Mice (Dermal Studies). Natl Toxicol
Program Tech Rep Ser 438, 1-220.

1996. NTP Toxicology and Carcinogenesis Studies of Nickel Sulfate Hexahydrate
(CAS No. 10101-97-0) in F344 Rats and B6C3F1 Mice (Inhalation Studies). Natl
Toxicol Program Tech Rep Ser 454, 1-380.

1997. NTP Toxicology and Carcinogenesis Studies of Salicylazosulfapyridine (CAS
No. 599-79-1) in F344/N Rats and B6C3F1 Mice (Gavage Studies). Natl Toxicol
Program Tech Rep Ser 457, 1-327.

2003. NTP toxicology and carcinogenesiss studies of citral (microencapsulated)
(CAS No. 5392-40-5) in F344/N rats and B6C3F1 mice (feed studies). Natl
Toxicol Program Tech Rep Ser, 1-268.

Almousa, L.A., Salter, A.M., Langley-Evans, S.C., 2018. Magnesium deficiency
hei ghtens lipopol ysaccharide-induced inflammation and enhances monocyte
adhesion in human umbilical vein endothelial cells. Magnes Res 31, 39-48.

Auli, M., Domenech, A., Andres, A., et a., 2012. Multiparametric immunotoxicity
screening in mice during early drug development. Toxicol Lett 214, 200-208.

Beschorner, W.E., Namnoum, J.D., Hess, A.D., et a., 1987. Cyclosporin A and the
thymus. Immunopathology. Am J Pathol 126, 487-496.

Besdler, H., Straussberg, R., Gurary, N., et a., 1996. Effect of dexamethasone on IL-
2 and IL-3 production by mononuclear cells in neonates and adults. Arch Dis
Child Fetal Neonatal Ed 75, F197-201.

Blanke, T.J,, Little, JR., Shirley, S.F., et a., 1977. Augmentation of murine immune
responses by amphotericin B. Cell Immunol 33, 180-190.

66



Bruserud, O., Lundin, K., 1987. The effect of drugs used in anticoagulation therapy
on T lymphocyte activation in vitro. I1. Warfarin inhibits T lymphocyte
activation. J Clin Lab Immunol 23, 169-173.

Bunn, T.L., Parsons, P.J., Kao, E., et a., 2001. Exposure to lead during critical
windows of embryonic development: differential immunotoxic outcome based on
stage of exposure and gender. Toxicol Sci 64, 57-66.

Bygbjerg, I.C., Svenson, M., Theander, T.G., et al., 1987. Effect of antimalarial
drugs on stimulation and interleukin 2 production of human lymphocytes. Int J
Immunopharmacol 9, 513-519.

Caren, L.D., Oven, H.M., Mandel, A.D., 1985. Dimethyl sulfoxide: lack of
suppression of the humoral immune response in mice. Toxicol Lett 26, 193-197.

Cesario, T.C., Slater, L.M., Kaplan, H.S,, et al., 1984. Effect of antineoplastic agents
on gamma-interferon production in human peripheral blood mononuclear cells.
Cancer Res 44, 4962-4966.

Chetty, K.N., Subba Rao, D.S., Drummond, L., et a., 1979. Cobalt induced changes
in immune response and adenosine triphosphatase activitiesin rats. J Environ Sci
Headlth B 14, 525-544.

Chikanza, L.C., Panayi, G.S., 1993. The effects of hydrocortisone on in vitro
lymphocyte proliferation and interleukin-2 and -4 production in corticosteroid
sensitive and resistant subjects. Eur J Clin Invest 23, 845-850.

de Abreu Costa, L., Henrique Fernandes Ottoni, M., Dos Santos, M.G., et al., 2017.
Dimethyl Sulfoxide (DM SO) Decreases Cell Proliferation and TNF-alpha, IFN-
gamma, and IL-2 Cytokines Production in Cultures of Peripheral Blood
Lymphocytes. Molecules 22.

DeWad, E.J., Timmerman, H.H., Dortant, P.M., et a., 1995. Investigation of a
screening battery for immunotoxicity of pharmaceuticals within a 28-day oral
toxicity study using azathioprine and cyclosporin A as model compounds. Regul
Toxicol Pharmacol 21, 327-338.

Dieter, M.P., Luster, M.I., Boorman, G.A., et a., 1983. Immunological and
biochemical responses in mice treated with mercuric chloride. Toxicol Appl
Pharmacol 68, 218-228.

67



Dupont, E., Huygen, K., Schandene, L., et a., 1985. Influence of in vivo
immunosuppressive drugs on production of lymphokines. Transplantation 39,
143-147.

Dupuis, G., Martel, J., Bastin, B., et a., 1993. Microtubules are not an essential
component of phytohemaggl utinin-dependent signal transduction in Jurkat T
lymphocytes. Cell Immunol 146, 38-51.

el Fouhil, A.F., Iskander, F.A., Turkall, R.M., 1993a. Effect of alternate-day
hydrocortisone therapy on the immunologically immature rat. 11: Changesin T-
and B-cdll areasin spleen. Toxicol Pathol 21, 383-390.

el Fouhil, A.F., Iskander, F.A., Turkall, R.M., 1993b. Effect of aternate-day
hydrocortisone therapy on the immunologically immaturerat. 111: Changesin T-
and B-cdll areasin lymph nodes. Toxicol Pathol 21, 391-396.

el Fouhil, A.F., Turkal, R.M., 1993. Effect of alternate-day hydrocortisone therapy
on the immunologically immature rat. |: Effect on blood cell count,
immunoglobulin concentrations, and body and organ weights. Toxicol Pathol 21,
377-382.

Exon, JH., Koller, L.D., Tacott, P.A., et a., 1986. Immunotoxicity testing: an
economical multiple-assay approach. Fundam Appl Toxicol 7, 387-397.

Ezendam, J., Hassing, |., Bleumink, R., et al., 2004. Hexachlorobenzene-induced
Immunopathology in Brown Norway ratsis partly mediated by T cells. Toxicol
Sci 78, 88-95.

Freed, B.M., Lempert, N., Lawrence, D.A., 1989. The inhibitory effects of N-
ethylmaleimide, colchicine and cytochalasins on human T-cell functions. Int J
Immunopharmacol 11, 459-465.

Freed, B.M., Rapoport, R., Lempert, N., 1987. Inhibition of early eventsin the
human T-lymphocyte response to mitogens and alloantigens by hydrogen
peroxide. Arch Surg 122, 99-104.

Fujiwara, M., Mitsui, K., Yamamoto, I., 1990. Inhibition of proliferative responses
and interleukin 2 productions by salazosulfapyridine and its metabolites. Jpn J
Pharmacol 54, 121-131.

Gabryd, B., Labuzek, K., Malecki, A., et al., 2004. Immunophilin ligands decrease
release of pro-inflammatory cytokines (IL-1beta, TNF-alphaand IL-2 in rat

68



astrocyte cultures exposed to simulated ischemiain vitro. Pol J Pharmacol 56,
129-136.

Garly, M.L., Trautner, S.L., Marx, C., et a., 2008. Thymus size at 6 months of age
and subsequent child mortality. J Pediatr 153, 683-688, 688.e681-683.

Gentile, D.A., Henry, J., Katz, A.J., et a., 1997. Inhibition of peripheral blood
mononuclear cell proliferation by cardiac glycosides. Ann Allergy Asthma
Immunol 78, 466-472.

Ghare, S, Patil, M., Hote, P., et a., 2011. Ethanol inhibits lipid raft-mediated TCR
signaling and IL-2 expression: potential mechanism of alcohol-induced immune
suppression. Alcohol Clin Exp Res 35, 1435-1444.

Goodwin, J.S., Atluru, D., Sierakowski, S., et a., 1986. Mechanism of action of
glucocorticosteroids. Inhibition of T cell proliferation and interleukin 2
production by hydrocortisoneis reversed by leukotriene B4. J Clin Invest 77,
1244-1250.

Haley, P.J., Shopp, G.M., Benson, J.M., et a., 1990. The immunotoxicity of three
nickel compounds following 13-week inhalation exposure in the mouse. Fundam
Appl Toxicol 15, 476-487.

Hanke, J.H., Nichols, L.N., Coon, M.E., 1992. FK506 and rapamycin selectively
enhance degradation of IL-2 and GM-CSF mRNA. Lymphokine Cytokine Res
11, 221-231.

Hansen, J.F., Nielsen, C.H., Brorson, M.M., et d., 2015. Influence of phthalates on
in vitro innate and adaptive immune responses. PLoS One 10, e0131168.

Hattori, A., Kunz, HW., Gill, T.J., 3rd, et a., 1987. Thymic and lymphoid changes
and serum immunoglobulin abnormalities in mice receiving cyclosporine. Am J
Pathol 128, 111-120.

He, Y.W., Deftos, M.L., Ojaa, EW., et a., 1998. RORgammat, a novel isoform of
an orphan receptor, negatively regulates Fas ligand expression and [L-2
production in T cells. Immunity 9, 797-806.

Henderson, D.J., Naya, I., Bundick, R.V., et a., 1991. Comparison of the effects of
FK-506, cyclosporin A and rapamycin on IL-2 production. Immunology 73, 316-
321.

Himmerich, H., Schonherr, J., Fulda, S., et a., 2011. Impact of antipsychotics on
cytokine production in-vitro. J Psychiatr Res 45, 1358-1365.

69



Hu, H., Abedi-Vaugerdi, M., Moaller, G., 1997. Pretreatment of lymphocytes with
mercury in vitro induces aresponsein T cells from genetically determined |ow-
responders and a shift of the interleukin profile. Immunology 90, 198-204.

Huchet, R., Grandjon, D., 1988. Histamine-induced regulation of IL-2 synthesisin
man: characterization of two pathways of inhibition. Ann Inst Pasteur Immunol
139, 485-499.

latropoulos, M.J., Hobson, W., Knauf, V., et al., 1976. Morphologica effects of
hexachlorobenzene toxicity in female rhesus monkeys. Toxicol Appl Pharmacol
37, 433-444.

Kanariou, M., Huby, R., Ladyman, H., et a., 1989. Immunosuppression with
cyclosporin A aters the thymic microenvironment. Clin Exp Immunol 78, 263-
270.

Karas, K., Sakowska, A., Sobalska-Kwapis, M., et a., 2018. Digoxin, an
Overlooked Agonist of RORgamma/RORgammar . Front Pharmacol 9, 1460.
Khan, M.M., Melmon, K.L., Fathman, C.G., et a., 1985. The effects of autacoids on
cloned murine lymphoid cells: modulation of IL 2 secretion and the activity of

natural suppressor cells. JImmunol 134, 4100-4106.

Kim, J.H., Park, J.S., 2002. Potentiation of the immunotoxicity of ethanol by
acetaminophen in mice. Int Immunopharmacol 2, 15-24.

Kim, J.Y., Huh, K., Lee, K.Y, et a., 2009. Nickel induces secretion of IFN-gamma
by splenic natural killer cells. Exp Mol Med 41, 288-295.

Kim, SK., Kwon, D.A., Lee, H.S,, et a., 2019. Preventive Effect of the Herbal
Preparation, HemoHIM, on Cisplatin-Induced Immune Suppression. Evid Based
Complement Alternat Med 2019, 3494806.

Kloppenburg, M., Verwelj, C.L., Miltenburg, A.M., et a., 1995. The influence of
tetracyclineson T cell activation. Clin Exp Immunol 102, 635-641.

Knight, JA., Plowman, M.R., Hopfer, SM., et al., 1991. Pathological reactionsin
lung, liver, thymus, and spleen of rats after subacute parenteral administration of
nickel sulfate. Ann Clin Lab Sci 21, 275-283.

Kouchi, Y., Maeda, Y., Ohuchida, A., et a., 1996. Immunotoxic effect of low dose
cisplatinin mice. J Toxicol Sci 21, 227-233.

70



Kucharz, E.J., Sierakowski, S.J., 1990. Studies on immunomodulatory properties of
isoniazid. Il. Effect of isoniazid on interleukin 2 production and interleukin 2-
receptor expression. J Hyg Epidemiol Microbiol Immunol 34, 207-211.

Labuzek, K., Kowalski, J., Gabryel, B., et al., 2005. Chlorpromazine and loxapine
reduce interleukin-1beta and interleukin-2 release by rat mixed glial and
microglia cell cultures. Eur Neuropsychopharmacol 15, 23-30.

Landewe, R.B., Miltenburg, A.M., Verdonk, M.J., et a., 1995. Chloroquine inhibits
T cell proliferation by interfering with IL-2 production and responsiveness. Clin
Exp Immunol 102, 144-151.

Lee, J., Lim, K.T., 2012. SJSZ glycoprotein (38 kDa) modul ates expression of IL-2,
IL-12, and IFN-gammain cyclophosphamide-induced Balb/c. Inflamm Res 61,
1319-1328.

Lehmann, D.M., Williams, W.C., 2018. Development and utilization of auniquein
vitro antigen presentation co-culture model for detection of immunomodul ating
substances. Toxicol In Vitro 53, 20-28.

Lemster, B., Woo, J.,, Strednak, J., et a., 1992. Cytokine gene expression in murine
lymphocytes activated in the presence of FK 506, bredinin, mycophenolic acid, or
brequinar sodium. Transplant Proc 24, 2845-2846.

Loosg, L.D., Silkworth, J.B., Pittman, K.A., et a., 1978. Impaired host resistance to
endotoxin and malariain polychlorinated biphenyl- and hexachl orobenzene-
treated mice. Infect Immun 20, 30-35.

Lu, Z., Liu, F., Chen, L., et a., 2015. Effect of Chronic Administration of Low Dose
Rapamycin on Development and Immunity in Y oung Rats. PLoS One 10,
€0135256.

Maeda, M., Ishii, H., Tanaka, S., et al., 2010. Suppressive efficacies of antimicrobial
agents against human peripheral-blood mononuclear cells stimulated with T cell
mitogen and bacterial superantigen. Arzneimittelforschung 60, 760-768.

Meredith, C., Scott, M.P., 1994. Altered gene expression in immunotoxicology
screening in vitro: Comparison with ex vivo analysis. Toxicol In Vitro 8, 751-
753.

Miller, L.C., Kaplan, M.M., 1992. Serum interleukin-2 and tumor necrosis factor-
alphain primary biliary cirrhosis. decrease by colchicine and relationship to
HLA-DR4. Am J Gastroenterol 87, 465-470.

71



Miller, T.E., Golemboski, K.A., Ha, R.S,, et a., 1998. Developmenta exposure to
lead causes persistent immunotoxicity in Fischer 344 rats. Toxicol Sci 42, 129-
135.

Munson, A.E., Sanders, V.M., Douglas, K.A., et a., 1982. In vivo assessment of
immunotoxicity. Environ Health Perspect 43, 41-52.

Nalesnik, M.A., Todo, S., Murase, N., et a., 1987. Toxicology of FK-506 in the
Lewisrat. Transplant Proc 19, 89-92.

Northoff, H., Carter, C., Oppenheim, J.J., 1980. Inhibition of concanavalin A-
induced human lymphocyte mitogenic factor (Interleukin-2) production by
suppressor T lymphocytes. J Immunol 125, 1823-1828.

Palacios, R., Sugawara, |., 1982. Hydrocortisone abrogates proliferation of T cellsin
autologous mixed lymphocyte reaction by rendering the interleukin-2 Producer T
cells unresponsive to interleukin-1 and unable to synthesize the T-cell growth
factor. Scand J Immunol 15, 25-31.

Paly, C., Tanner, M., Rizvi, H., et a., 2001. Tolerability profile of sodium
mycophenolate (ERL080) and mycophenolate mofetil with and without
cyclosporine (Neoral) in the rat. Toxicology 157, 207-215.

Parenti, D.M., Simon, G.L., Scheib, R.G., et al., 1988. Effect of lithium carbonate in
HIV-infected patients with immune dysfunction. J Acquir Immune Defic Syndr 1,
119-124.

Parthasarathy, N.J., Kumar, R.S,, Devi, R.S., 2005. Effect of methanol intoxication
on rat neutrophil functions. J Immunotoxicol 2, 115-121.

Peterson, K.P., Van Hirtum, M., Peterson, C.M., 1997. Dapsone decreases the
cumulative incidence of diabetes in non-obese diabetic female mice. Proc Soc
Exp Biol Med 215, 264-268.

Poluektova, L.Y ., Huggler, G.K., Patterson, E.B., et al., 1999. Involvement of
protein kinase A in histamine-mediated inhibition of IL-2 mMRNA expression in
mouse splenocytes. Immunopharmacology 41, 77-87.

Quemeneur, L., Flacher, M., Gerland, L.M., et a., 2002. Mycophenolic acid inhibits
IL-2-dependent T cell proliferation, but not IL-2-dependent survival and
sensitization to apoptosis. J Immunol 169, 2747-2755.

72



Ress, N.B., Hailey, J.R., Maronpot, R.R., et a., 2003. Toxicology and
carcinogenesis studies of microencapsulated citral in rats and mice. Toxicol Sci
71, 198-206.

Riesbeck, K., 1999. Cisplatin at clinically relevant concentrations enhances
interleukin-2 synthesis by human primary blood lymphocytes. Anticancer Drugs
10, 219-227.

Ringerike, T., Ulleras, E., Volker, R., et a., 2005. Detection of immunotoxicity
using T-cell based cytokine reporter cell lines ("Cell Chip"). Toxicology 206,
257-272.

Roche, Y., Fay, M., Gougerot-Pocidalo, M.A., 1988. Enhancement of interleukin 2
production by quinolone-treated human mononuclear leukocytes. Int J
Immunopharmacol 10, 161-167.

Saito, R., Hirakawa, S., Ohara, H., et al., 2011. Nickel differentially regulates NFAT
and NF-kappaB activation in T cell signaling. Toxicol Appl Pharmacol 254, 245-
255.

Salazar, V., Castillo, C., Ariznavarreta, C., et al., 2004. Effect of ora intake of
dibutyl phthalate on reproductive parameters of Long Evans rats and pre-pubertal
development of their offspring. Toxicology 205, 131-137.

Santarelli, L., Bracci, M., Mocchegiani, E., 2006. In vitro and in vivo effects of
mercuric chloride on thymic endocrine activity, NK and NKT cell cytotoxicity,
cytokine profiles (IL-2, IFN-gamma, IL-6): role of the nitric oxide-L-arginine
pathway. Int Immunopharmacol 6, 376-389.

Schleuning, M.J., Duggan, A., Reem, G.H., 1989. Inhibition by chlorpromazine of
lymphokine-specific mMRNA expression in human thymocytes. Eur J Immunol 19,
1491-1495.

Sfikakis, P.P., Souliotis, V.L., Katsilambros, N., et a., 1996. Downregulation of
interleukin-2 and apha-chain interleukin-2 receptor biosynthesis by cisplatin in
human peripheral lymphocytes. Clin Immunol Immunopathol 79, 43-49.

She, Y., Wang, N., Chen, C,, et al., 2012. Effects of aluminum on immune functions
of cultured splenic T and B lymphocytesin rats. Biol Trace Elem Res 147, 246-
250.

Sheikhi, A., Jaberi, Y., Esmaeilzadeh, A., et al., 2007. The effect of cardiovascular
drugs on pro-inflammatory cytokine secretion and natural Killer activity of

73



peripheral blood mononuclear cells of patients with chronic heart failurein vitro.
Pak JBiol Sci 10, 1580-1587.

Silvestrini, B., Lisciani, R., Barcellona, P.S., 1967. Anti-granuloma and thymol ytic
activity of certain drugs. Eur J Pharmacol 1, 240-246.

Song, Y., Han, S., Kim, H., et a., 2006. Effects of mizoribine on MHC-restricted
exogenous antigen presentation in dendritic cells. Arch Pharm Res 29, 1147-
1158.

Sookoian, S., Castano, G., Flichman, D., et al., 2004. Effects of ribavirin on cytokine
production of recall antigens and phytohemaglutinin-stimulated peripheral blood
mononuclear cells. (Inhibitory effects of ribavirin on cytokine production). Ann
Hepatol 3, 104-107.

Sugiyama, K., Ueda, H., Ichio, Y., et al., 1995. Improvement of cisplatin toxicity
and lethality by juzen-tatho-to in mice. Biol Pharm Bull 18, 53-58.

Synzynys, B.1., Sharetskii, A.N., Kharlamova, O.V., 2004. [Immunotoxicity of
aluminum chloride]. Gig Sanit, 70-72.

Sztein, M.B., Simon, G.L., Parenti, D.M., et a., 1987. In vitro effects of thymosin
and lithium on lymphoproliferative responses of normal donors and HIV
seropositive male homosexuals with AIDS-related complex. Clin Immunol
Immunopathol 44, 51-62.

Takai, K., Jojima, K., Sakatoku, J., et al., 1990. Effects of FK506 on rat thymus:
time-course analysis by immunoperoxidase technique and flow cytofluorometry.
Clin Exp Immunol 82, 445-449.

Tam, R.C,, Pai, B., Bard, J., et a., 1999. Ribavirin polarizes human T cell responses
towards a Type 1 cytokine profile. J Hepatol 30, 376-382.

Tsukue, N., Toda, N., Tsubone, H., et al., 2001. Diesel exhaust (DE) affects the
regulation of testicular function in male Fischer 344 rats. J Toxicol Environ
Health A 63, 115-126.

Turka, L.A., Dayton, J., Sinclair, G., et al., 1991. Guanine ribonucleotide depletion
inhibits T cell activation. Mechanism of action of the immunosuppressive drug
mizoribine. J Clin Invest 87, 940-948.

Van Dijk, H., Bloksma, N., Rademaker, P.M., et a., 1979. Differential potencies of
corticosterone and hydrocortisone in immune and immune-related processesin
the mouse. Int J Immunopharmacol 1, 285-292.

74



Van Wauwe, J., Aerts, F., Van Genechten, H., et al., 1996. The inhibitory effect of
pentamidine on the production of chemotactic cytokines by in vitro stimulated
human blood cells. Inflamm Res 45, 357-363.

Vandebriel, R.J., Meredith, C., Scott, M.P., et a., 1998. Effects of in vivo exposure
to bis(tri-n-butyltin)oxide, hexachl orobenzene, and benzo(a)pyrene on cytokine
(receptor) mRNA levelsin cultured rat splenocytes and on IL-2 receptor protein
levels. Toxicol Appl Pharmacol 148, 126-136.

Vargova, M., Wagnerova, J., Liskova, A., et a., 1993. Subacute immunotoxicity
study of formaldehyde in male rats. Drug Chem Toxicol 16, 255-275.

Vos, J.G., van Logten, M.J., Kreeftenberg, J.G., et a., 1979. Hexachl orobenzene-
induced stimulation of the humoral immune response inrats. Ann N Y Acad Sci
320, 535-550.

Vos, J.G., Van Loveren, H., 1994. Developments of immunotoxicology methodsin
the rat and applications to the study of environmental pollutants. Toxicol In Vitro
8, 951-956.

Wagner, W., Sachrgida, I., Pulaski, L., et al., 2011. Application of cellular
biosensors for analysis of bioactivity associated with airborne particul ate matter.
Toxicol In Vitro 25, 1132-1142.

Wagner, W., Walczak-Drzewiecka, A., Slusarczyk, A., et a., 2006. Fluorescent Cell
Chip anew in vitro approach for immunotoxicity screening. Toxicol Lett 162, 55-
70.

Wang, Y., Waker, C., Stadler, B.M., et a., 1984. Transcription and translation
dependent induction of interleukin 2 (IL-2) and IL-2 receptors. Immunol Lett 8,
227-231.

Wilson, R., Fraser, W.D., McKillop, J.H., et a., 1989. The "in vitro" effects of
[ithium on the immune system. Autoimmunity 4, 109-114.

Y amamoto, N., Sakai, F., Yamazaki, H., et al., 1996. Effect of FR167653, a cytokine
suppressive agent, on endotoxin-induced disseminated intravascular coagulation.
Eur J Pharmacol 314, 137-142.

Y oshimura, N., Matsui, S., Hamashima, T., et al., 1989. Effect of anew
immunosuppressive agent, FK506, on human lymphocyte responsesin vitro. I1.
Inhibition of the production of 1L-2 and gamma-1FN, but not B cell-stimulating
factor 2. Transplantation 47, 356-359.

75



Zhang, W.Z., Yong, L., Jia, X.D., et a., 2013. Combined subchronic toxicity of
bisphenol A and dibutyl phthalate on male rats. Biomed Environ Sci 26, 63-69.

76



/52

14. MITA
25

2.5 T : T

7



15. Detailed review paper content.
Potential title:
“I'n vitro immunotoxicity testing”
Draft TABLE OF CONTENTS
Ver.2.1

ABOUT THE OECD FOREWORD
LIST OF ABBREVIATIONS
EXECUTIVE SUMMARY

. Introduction

II. Basic concept of immunotoxicity

[ll. State-of-the-art of AOP on immunotoxicity

IV. State-of-the-art in the field of in vitro or non-animal assay

V. Performance factors of in vitro assay

VI. Assay qualification information of in vitro assay

VII. Selection factors for the reference compound developing in vitro assay
Reference compound list

VIII. In vitro immunotoxicological assessments using the combination of cell lines

IX. Discussion and Conclusion

X. References

XI. Appendix

78



